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FIRST AMENDED COMPLAINT

Samsung Electronics Co., Ltd., complains of SanDisk Corporation for violations of the

United States patent laws. Samsung alleges as follows:
PARTIES
1. Samsung Electronics Co., Ltd., (“Samsung”) is a company organized under the laws of South
Korea with its principal place of business located at 416 Maetan-3 Dong, Paldal-Gu, Suwon City,
Kyungki-Do, Korea.
2. On information and belief, SanDisk Corporation (“SanDisk”) is a company organized under
the laws of Delaware with its principal place of business in Sunnyvale, California. SanDisk has
appeared in this action and no further service of process is needed.
JURISDICTION

3. This is an action arising under the United States patent laws, 35 U.S.C. § 101 ef seq. This

Court has subject matter jurisdiction under 35 U.S.C. §§ 271,281,and 28 U.S.C. § § 1331 and 1338

(a).




VENUE

4, Venue over Samsung’s claims is proper in this district pursuant to 28 U.S.C. §§ 1391(b)-(c),
and 1400(b) because SanDisk resides in this judicial district, part of Samsung’s causes of action
arose in this judicial district, including acts of patent infringement.

BACKGROUND FACTS COMMON TO ALL CLAIMS
5. Samsung is the world's leading manufacturer of semiconductor memory products. Samsung
currently manufactures, distributes and sells dozens of memory products throughout the world,
including the United States. One of these memory products is a NAND flash card, which is
commonly referred to in the industry as a NAND flash memory product.
6. NAND flash memory products are typically removable memory cards that are often found
in digital cameras, digital music players, digital camcorders, handheld PCs, e-Books, and newer
cellular phone technology, as well as other emerging products.
7. SanDisk manufactures and supplies NAND flash memory products in consumer, OEM, and
industrial markets. More specifically, SanDisk supplies, at least, the CompactFlash™ product line
which comprises NAND flash memory products. With, at least, its CompactFlash™ products that
include NAND flash memory products, SanDisk infringes Samsung’s patents.
8. SanDisk directly sells its NAND flash memory products around the world and through
intermediaries, including wholesalers, distributors, value-added resellers, and retailers located
throughout the United States and specifically in this judicial district. Retailers of SanDisk NAND
flash memory products include Circuit City, K-Mart, Office Depot, Target, Sears, Office Max,
Staples, Eckerd drug stores and Walgreens drug stores, among others.
9. SanDisk also sells its NAND flash memory products to and through original equipment

manufacturers (“OEMs”), including Cannon, Hewlett-Packard, Fujitsu, Motorola, Kodak, Panasonic,




and Polaroid, among others. SanDisk also sells NAND flash memory products to private label
partners that re-brand the SanDisk products under a different trade name, which are then sold directly
to consumers or installed into consumer products.

10.  Aspart of its sales of NAND flash memory products in the United States, SanDisk markets,
promotes, sells and offers for sale a full range of its NAND flash memory products in Texas.
SanDisk markets its NAND flash memory products in Texas by using a direct sales organization and
numerous distributors and manufacturers’ representatives. In fact, SanDisk even has a direct sales

office in Texas to support its OEM customers and its distribution and manufacturer representatives.

11. On information and belief, SanDisk NAND flash memory products, including the
CompactFlash™ product line, have been sold and are currently being sold on Amazon.com’s
website, which is available to consumers residing in the Lufkin Division. On information and belief
and according to information provided by Amazon.com, based on purchases made via the
Amazon.com website, the SanDisk 128MB CompactFlash™ card ranks among the top selling
electronic products purchased by consumers in Texas. SanDisk and Amazon.com do not restrict or
otherwise prevent consumers residing in the Lufkin Division from purchasing SanDisk NAND flash
memory products on the Amazon.com website.

12. Oninformation and belief, SanDisk directly markets, promotes, sells, offers for sale, or leases
its NAND flash memory products, including the CompactFlash™ product line, in numerous
locations throughout the Lufkin Division of the Eastern District of Texas (“Lufkin Division™). On
information and belief, SanDisk also markets, promotes, sells, offers for sale, or leases its NAND

flash memo roducts, including the CompactFlash™ product line, in numerous locations
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throughout the Lufkin Division by way of intermediaries, such as wholesalers, distributors, value-
added resellers and retailers.

13. SanDisk has sold and is currently selling a full range of its NAND flash memory products
in the Lufkin Division. The SanDisk NAND flash memory products being sold in the Lufkin
Division include the CompactFlash™ product line. SanDisk is selling these NAND flash memory
products either directly or indirectly through wholesalers, distributors, or value-added resellers, to
various retail outlets located in Angelina and Nacogdoches Counties. These NAND flash memory
products are in turn sold to consumers and end-users of the NAND flash memory products who
reside in the Lufkin Division.

14, On information and belief, SanDisk NAND flash memory products, including the
CompactFlash™ product line, have been sold and are currently being sold in Lufkin, Angelina
County, Texas at the following retail outlets: Sears, which is located at the Lufkin Mall, 4600 S.
Medford Dr., Lufkin, Texas 75901; Walgreens drugstore, which is located at 102 N. Timberland
Dr., Lufkin, Texas 75901; two Eckerd drugstores, which are located at 1204 E. Lufkin Avenue, and
at 923 Frank Street, Lufkin, Texas 75901; Target, which is located at 4200 S. Medford Drive,
Lufkin, Texas 75901; Circuit City, which is located at 4600 S. Medford Drive, Lufkin, Texas 75901;
Office Depot, which is located at 4210 S. Medford Drive, Lufkin, Texas 75901; and OfficeMax,
which is located at 2429 South John Reddit Drive, Lufkin, Texas 75901. Dozens, if not hundreds,
of SanDisk NAND flash memory products are offered for sale to consumers at these locations within
the Lufkin Division. On information and belief, each of these retail outlets receives NAND flash
memory products either directly from SanDisk or indirectly through intermediaries, such as
wholesalers, distributors or value-added resellers. On information and belief, under certain

conditions, these retail outlets have the right to return any unsold SanDisk NAND flash memory




product inventory directly to SanDisk, including any unsold NAND flash memory products in the
CompactFlash™ product line.

15. On information and belief, SanDisk NAND flash memory products, including the
CompactFlash™ product line, have been sold and are currently being sold in Nacogdoches,
Nacogdoches County, Texas at the following retail outlets: Staples, which is located at 4608 North
Street, Nacogdoches, Texas 75961; and Eckerd drugstore located at 1424 North Street, Naco gdoches,
Texas 75961. Dozens of SanDisk products are offered for sale to consumers at these locations within
the Lufkin Division. On information and belief, each of these retail outlets receives NAND flash
memory products either directly from SanDisk or indirectly through intermediaries, such as
wholesalers, distributors or value-added resellers. On information and belief, under certain
conditions these retail outlets have the right to return any unsold SanDisk NAND flash memory
product inventory directly to SanDisk, including any unsold products in the CompactFlash™ product
line.

16. On information and belief, SanDisk NAND flash memory products, including products
within the CompactFlash™ product line, have been incorporated into the following OEM products
that have been and are currently being sold in the Lufkin Division: Kodak digital cameras; Polaroid
digital cameras; Nikon digital cameras; and Hewlett-Packard digital cameras.

17. On information and belief, SanDisk products, including the CompactFlash™ product line,
are being promoted, advertised and offered for sale in the Lufkin Division. More specifically,
SanDisk products have been promoted, advertised, and offered for sale in Walgreens circular
advertisements that were included in Lufkin’s newspaper, the Lufkin Daily News, on February 17,
2001. SanDisk also promotes, advertises and offers for sale its NAND flash memory products on

its website, which is described more fully in the following paragraphs.




18.  On information and belief, SanDisk has knowingly and intentionally formed a channel of
distribution for its NAND flash memory products, including the CompactFlash™ product line, into
the Lufkin Division. SanDisk knows or should have known that the Lufkin Division was a
termination point of its distribution channel for NAND flash memory products, including the
CompactFlash™ product line.

19.  Oninformation and belief, SanDisk has offered cash rebates on sales of NAND flash memory
products sold to consumers in the United States. Cash rebates have been offered for SanDisk’s
NAND flash memory products, including the CompactFlash™ product line, that were and are sold
to consumers in the Lufkin Division. On information and belief, during SanDisk promotional
events, consumers can ordinarily obtain rebate information and rebate certificates for SanDisk’s
NAND flash memory products directly from the retail outlets located in the Lufkin Division that sell
SanDisk NAND flash memory products, including the CompactFlash™ product line. This
information can also be obtained on SanDisk’s website, which is described more fully in the
following paragraphs.

20. On information and belief, SanDisk has offered and continues to offer warranties on its
NAND flash memory products sold to consumers in the United States. Warranties have been offered
and continue to be offered on SanDisk’s NAND flash memory products, including the
CompactFlash™ product line, to consumers residing in the Lufkin Division. On information and
belief, consumers can obtain warranty information and warranty registration materials for SanDisk’s
products from the retail outlets located in the Lufkin Division that sell SanDisk NAND flash memory
products, including the CompactFlash™ product line. On information and belief, SanDisk warranty

information and warranty registration materials for SanDisk’s NAND flash memory products are




included within the package of each retail SanDisk product sold. This information can also be
obtained on SanDisk’s website, which is described more fully in the following paragraphs.

21. On information and belief, SanDisk offers a five-year warranty on at least some of its NAND
flash memory products, including products in the CompactFlash™ product line. The SanDisk
warranty provides that SanDisk “will repair or replace a NAND flash memory card free of charge
if it ever fails within 5 years from the date of purchase. . . SanDisk will inspect the product and at
its option, repair or replace the product. SanDisk will ship out a product with equal or greater
capacity.”

22. The SanDisk warranty registration material on its NAND flash memory products, including
the CompactFlash™ product line, which is enclosed within the package of each retail product,
require the consumer to complete a mail-in card enclosed with the product and mail the registration
materials to SanDisk’s Warranty Registration division. This warranty registration material refers
consumers to SanDisk’s website, which is described more fully in the following paragraphs.

23.  Oninformation and belief, SanDisk engages in substantial e-commerce by way of the internet
or world-wide web and does business in the Lufkin Division through its interactive website, which
is located at http://www.sandisk.com/main.htm.

24, SanDisk’s website is highly interactive in its promotion, advertising and marketing of
SanDisk’s NAND flash memory products. The SanDisk website allows consumers to shop for, order
and purchase a full range of SanDisk’s NAND flash memory products. Consumers in Texas,
including consumers residing in the Lufkin Division, have purchased SanDisk’s NAND flash
memory products, including products from the CompactFlash™ product line, through SanDisk’s
website. SanDisk does not restrict or otherwise prevent consumers residing in the Lufkin Division

from purchasing SanDisk’s NAND flash memory products on or through its website.




25. SanDisk has shipped NAND flash memory products, including products from the

CompactFlash™ product line, purchased through SanDisk’s website to consumers residing in the

Lufkin Division.
26.  SanDisk’s website provides consumers with warranty information related to its NAND flash
memory products, including its CompactFlash™ product line. See

http://www.sandisk.com/tech/rw_cf.asp. SanDisk does not restrict or otherwise prevent consumers
residing in the Lufkin Division from initiating warranty claims or obtaining warranty information
about SanDisk’s NAND flash memory products from its website.

27. SanDisk allows consumers to register warranty information for its NAND flash memory
products, including products from the CompactFlash™ product line, through its website. See
http://www.sandisk.com/tech/prod-reg.asp. ToregisteraNAND flash memory product for warranty
purposes, the consumer must complete several fields of inquiry and provide requested information
to SanDisk, including the consumer’s residence and where the SanDisk product was purchased. See
Id. SanDisk does not restrict or otherwise prevent consumers residing in the Lufkin Division from
registering SanDisk’s NAND flash memory products on or through its website.

28. SanDisk’s website provides consumers residing in the Lufkin Division with cash rebates and
cash rebate information on its NAND flash memory products. See
http://www.sandisk.com/tech/rebates.asp. As can be seen from the SanDisk website, rebates are
offered on various SanDisk products, including CompactFlash™ cards, and from various retail
merchants. See and click on the Circuit City hyperlink at http://www.sandisk.com/tech/rebates.asp.
SanDisk’s website also instructs consumers on the proper procedure for obtaining a delayed rebate
payment on any applicable SanDisk product. See and click on hyperlink “Why haven’t I received

by rebate yet?” at http://www.sandisk.com/tech/faq_search.asp. SanDisk does not restrict or




otherwise prevent consumers residing in the Lufkin Division from obtaining rebates and rebate
information on SanDisk’s NAND flash memory products from its website.

29. SanDisk invites consumers to interact with its technical support staff via e-mail or telephone
with respect to customer service issues or technical support that consumers need for the proper
operation and use of SanDisk’s NAND flash memory products, including the CompactFlash™
product line. See http://www.sandisk.com/tech/contact.asp. SanDisk does not restrict or otherwise
prevent consumers residing in the Lufkin Division from obtaining customer service information or
technical support for SanDisk’s NAND flash memory products from its website.

30.  SanDisk invites consumers to interact with its website by allowing consumers to “design
products which use SanDisk cards, NAND flash memory chips [including CompactFlash™
products] and other SanDisk technology.” See http://www.sandisk.com/tech/oem_design/ s_oem.asp.
SanDisk does not restrict or otherwise prevent consumers residing in the Lufkin Division from
interacting with the SanDisk website to design products that incorporate SanDisk’s NAND flash
memory products.

31. SanDisk invites consumers to interact with its website by allowing consumers to download
software upgrades for various consumer devices so that SanDisk’s NAND flash memory products,
including products from the CompactFlash™ product line, are compatible with the consumer devices
with which they are installed. See http://www.sandisk.com/tech/s_downloads.asp. On information
and belief, certain consumer products will not function unless the consumer downloads the
appropriate software (e.g., drivers) from SanDisk’s website. SanDisk does not restrict or otherwise
prevent consumers residing in the Lufkin Division from interacting with the SanDisk website to
download software so that SanDisk’s NAND flash memory products can be installed in consumer

devices.




32. SanDisk invites consumers to interact with SanDisk by allowing consumers the option to
enroll in SanDisk’s quarterly product e-mail list that is distributed to consumers by SanDisk. See
http://www.sandisk.com/tech/prod-reg.asp. SanDisk does not restrict or otherwise prevent
consumers residing in the Lufkin Division from receiving SanDisk’s quarterly product e-mail list.
33.  Asthe preceding paragraphs show, SanDisk clearly does business in the Lufkin Division by
virtue of its established channels of distribution and interactive website.

COUNT ONE
Infringement of United States Patent No. 5,473,563

34.  Samsung incorporates by reference paragraphs 1 through 33 as though fully set forth herein.
35. Samsung is the sole owner of the entire right, title, and interest in United States Patent No.
5,473,563 (“the ‘563 patent™), which was duly and legally issued to Samsung on December 5, 1995,
and entitled “Nonvolatile Semiconductor Memory.” A copy of the ‘563 patent is attached hereto as
Exhibit A.

36. Samsung has never licensed or permitted SanDisk to practice any of the claims granted in
the ‘563 patent.

37.  Oninformation and belief, SanDisk has infringed the ‘563 patent, literally or by equivalents,
by making, using, selling, offering for sale, leasing, or importing NAND flash memory products into
the United States, including the Lufkin Division, that infringe one or more of the claims of the ‘563
patent. On information and belief, SanDisk continues to engage in such acts of infringement.

38. On information and belief, SanDisk, with full knowledge of Samsung’s ownership interests
in the ‘563 patent, has intentionally induced and is currently inducing others to infringe the 563
patent, or has contributed to the infringement of the ‘563 patent by actively and knowingly aiding

and abetting others to make, use, sell, offer for sale, lease, or import NAND flash memory products




into the United States, including the Lufkin Division, that infringe one or more of the claims of the
‘563 patent, either literally or by equivalents.

39. SanDisk’s infringement of the 563 patent has been willful, and any further infringement of
the *563 patent by SanDisk would be with full knowledge of Samsung’s legal interest in the ‘563
patent and would be deliberate and willful.

COUNT TWO
Infringement of United States Patent No. 5,514,889

40. Samsung incorporates by reference paragraphs 1 through 39 as though fully set forth herein.
41. Samsung is the sole owner of the entire right, title, and interest in United States Patent No.
5,514,889 (“the ‘889 patent™), which was duly and legally issued to Samsung on May 7, 1996, and
entitled “Non-Volatile Semiconductor Memory Device and Method for Manufacturing the Same.”
A copy of the ‘889 patent is attached hereto as Exhibit B.

42. Samsung has never licensed or permitted SanDisk to practice any of the claims granted in
the ‘889 patent.

43, On information and belief, SanDisk has infringed the ‘889 patent, literally or by equivalents,
by making, using, selling, offering for sale, leasing, or importing NAND flash memory products into
the United States, including the Lufkin Division, that infringe one or more of the claims of the ‘889
patent. On information and belief, SanDisk continues to engage in such acts of infringement.

44.  Oninformation and belief, SanDisk, with full knowledge of Samsung’s ownership interests
in the ‘889 patent, has intentionally induced and is currently inducing others to infringe the ‘889
patent, or has contributed to the infringement of the ‘889 patent by actively and knowingly aiding

and abetting others to make, use, sell, offer for sale, lease or import NAND flash memory products




into the United States, including the Lufkin Division, that infringe one or more of the claims of the
‘889 patent, either literally or by equivalents.

45.  SanDisk’s infringement of the ‘889 patent has been willful, and any further infringement of
the ‘889 patent by SanDisk would be with full knowledge of Samsung’s legal interest in the ‘889
patent and would be deliberate and willful.

COUNT THREE
Infringement of United States Patent No. 5,546,341

46. Samsung incorporates by reference paragraphs 1 through 45 as though fully set forth herein.
47. Samsung is the sole owner of the entire right, title, and interest in United States Patent No.
5,546,341 (“the ‘341 patent”), which was duly and legally issued to Samsung on August 13, 1996,
and entitled “Nonvolatile Semiconductor Memory.” A copy of the ‘341 patent is attached hereto as
Exhibit C.

48. Samsung has never licensed or permitted SanDisk to practice any of the claims granted in
the ‘341 patent.

49.  Oninformation and belief, SanDisk has infringed the ‘341 patent, literally or by equivalents,
by making, using, selling, offering for sale, leasing, or importing NAND flash memory products into
the United States, including the Lufkin Division, that infringe one or more of the claims of the ‘341
patent. On information and belief, SanDisk continues to engage in such acts of infringement.

50.  Oninformation and belief, SanDisk, with full knowledge of Samsung’s ownership interests
in the ‘341 patent, has intentionally induced and is currently inducing others to infringe the ‘341
patent, or has contributed to the infringement of the ‘341 patent by actively and knowingly aiding

and abetting others to make, use, sell, offer for sale, lease, or import NAND flash memory products




into the United States, including the Lufkin Division, that infringe one or more of the claims of the
‘341 patent, either literally or by equivalents.

51.  SanDisk’s infringement of the ‘341 patent has been willful, and any further infringement of
the ‘341 patent by SanDisk would be with full knowledge of Samsung’s legal interest in the ‘341
patent and would be deliberate and willful.

COUNT FOUR
Infringement of United States Patent No. 5,642,309

52. Samsung incorporates by reference paragraphs 1 through 51 as though fully set forth herein.
53. Samsung is the sole owner of the entire right, title, and interest in United States Patent No.
5,642,309 (“the ‘309 patent”), which was duly and legally issued to Samsung on June 24, 1997, and
entitled “Auto-Program Circuit in a Nonvolatile Semiconductor Memory Device.” A copy of the
‘309 patent is attached hereto as Exhibit D.

54.  Samsung has never licensed or permitted SanDisk to practice any of the claims granted in
the ‘309 patent.

55. On information and belief, SanDisk has infringed the ‘309 patent, literally or by equivalents,
by making, using, selling, offering for sale, leasing, or importing NAND flash memory products into
the United States, including the Lufkin Division, that infringe one or more of the claims of the 309
patent. On information and belief, SanDisk continues to engage in such acts of infringement.

56. On information and belief, SanDisk, with full knowledge of Samsung’s ownership interests
in the ‘309 patent, has intentionally induced and is currently inducing others to infringe the <309
patent, or has contributed to the infringement of the ‘309 patent by actively and knowingly aiding

and abetting others to make, use, sell, offer for sale, lease or import NAND flash memory products




into the United States, including the Lufkin Division, that infringe one or more of the claims of the
‘309 patent, either literally or by equivalents.

57. SanDisk’s infringement of the 309 patent has been willful, and any further infringement of
the ‘309 patent by SanDisk would be with full knowledge of Samsung’s legal interest in the ‘309
patent and would be deliberate and willful.

COUNT FIVE
Preliminary and Permanent Injunction

58. Samsung incorporates by reference paragraphs 1 through 57 as though fully set forth herein.
59.  Asaconsequence of SanDisk’s activities described herein, Samsung has been irreparably
harmed to an extent yet ascertained, and will continue to be irreparably harmed by such activities in
the future unless SanDisk is enjoined by this Court from engaging in said activities. Samsung has
no adequate remedy at law.
60.  Samsung is only seeking relief against SanDisk’s NAND flash memory products.
PRAYER FOR RELIEF

WHEREFORE, Samsung requests that this Court enter judgment against SanDisk and grant
Samsung the following relief:

1. Issue a preliminary injunction enjoining SanDisk from making, using, selling,
offering for sale, leasing, or importing NAND flash memory products that infringe
on one or more claims of the following Samsung’s patents:

(a) United States Patent No. 5,473,563;
(b) United States Patent No. 5,514,889;
(©) United States Patent No. 5,546,341; and
(d) United States Patent No. 5,642,309;

2. Upon final hearing, permanently enjoin SanDisk from any such activity as described
in paragraph 1;

3. Find that SanDisk’s infringement through its NAND flash memory products of
Samsung’s patents was and is willful;




4. Find that this an exceptional case and award Samsung reasonable attorneys fees in
accordance with 35 U.S.C. § 285; and

5. Award Samsung the costs it has incurred to prosecute this action.

Dated: , 2002. Respectfully submitted,

George E. Chandler

Attorney-In-Charge for Plaintiff

Samsung Electronics Co., Ltd.

State Bar No. 04094000

CHANDLER LAW OFFICES

207 E. Frank Poland Professional Building
P.O. Box 340

Lufkin, Texas 75902

Telephone: (936) 632-7778

Facsimile: (936) 632-1304

E-mail: gchandler@chandlerlawoffices.com

OF COUNSEL:

THE LAW OFFICES OF CLAYTON E. DARK, JR.
Clayton E. Dark, Jr.

State Bar No. 05384500

P.O. Box 2207

Lufkin, Texas 75902

Telephone: (936) 637-1733

Facsimile: (936) 637-2897

THE RICHARDS LAW FIRM
R.W. (“Ricky”) Richards
State Bar No. 16854100
P.O. Box 1309
Jacksonville, Texas 75766
Telephone: (903) 586-2544
Facsimile: (903) 586-6529

THE LAW OFFICES OF CLAUDE E. WELCH
Claude E. Welch
State Bar No. 21120500




Certificate of Service

I hereby certify that a true and correct copy of the foregoing was served in
compliance with Rule 5 of the Federal Rules of Civil Procedure on April 1, 2002, on the
following:

Tracy Crawford

RAMEY & FLOCK, P.C.
100 E. Ferguson St.

500 First Place

Tyler, TX 75702
Telephone: (903) 597-3301
Facsimile: (903) 597-2413

Michael A. Ladra

James C. Ottesen

James C. Yoon

WILSON SONSINI GOODRICH & ROSATI
Professional Corporation

650 Page Mill Road

Palo Alto, CA 94304-1050

Telephone: (903) 493-9300

Facsimile: (903) 565-5100
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UNITED STATES DISTRICT COURT
EASTERN DISTRICT OF TEXAS
LUFKIN DIVISION

SAMSUNG ELECTRONICS CO., LTD., L 2
Plaintiff L 2
CIVIL ACTION NO. 9:02CV58
VS. ¢ Judge Hannah
SANDISK CORPORATION, *
Defendant. *
ORDER

On this day, came on to be considered the Plaintiff's Unopposed Motion for Leave to
File First Amended Complaint and after having considered same, the Court is of the opinion
that said Motion should be granted.

It is therefore ORDERED that the Plaintiff's Unopposed Motion for Leave to File First
Amended Complaint is hereby GRANTED.

SIGNED this day of , 2002.

UNITED STATES DISTRICT JUDGE
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(571 ABSTRACT
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memeory transistor which has a floating gate and a control
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1

NONVOLATILE SEMICONDUCTOR
MEMORY

FIELD OF THE INVENTION

The present invention relates to electrically erasable and
programmable nonvolatile semiconductor memories and,
more particularly, but not exclusively, to electrically eras-
able and programmable nonvolatile semiconductor memo-
ries with NAND structured cells.

BACKGROUND OF THE INVENTION

Various systems controlled by recent computers or micro-
processors require the development of an electrically eras-
able and programmable read-only memory (hereinafter
referred to as a EEPROM) of a high density. Particularly,
since the use of a hard disk with a rotary magnetic disk as
a secondary storage occupies a relatively large area in a
portable computer system such as a battery-powered com-
puter system of notebook size, system designers take much
interest in the development of EEPROMsS of high density
and high performance occupying a smaller area. To achieve
a high density EEPROM, it is 2 major problem to reduce the
area occupied by memory cells. To solve such a problem, an
EEPROM has been developed which contains NAND struc-
tured cells being capable of decreasing the number of
selection transistors per cell and contact holes coupled with
a bit line. Such a NAND structured cell is disclosed in the
IEDM, pp 412 to 415, 1988 under the title of “NEW
DEVICE TECHNOLOGIES FOR 5 V-ONLY 4 Mb
EEPROM WITH NAND STRUCTURE CELL”, This
NAND structured cell (hereinafter referred to as a NAND
cell unit or a NAND cell) is comprised of a first selection
transistor whose drain is connected to the corresponding bit
line via a contact hole; a second selection transistor whose
source is coanected to a common source line; and eight
memory transistors whose channels are connected in series
between the source of the first selection transistor and the
drain of the second selection transistor. The NAND cell is
formed on a p-type semiconductor substrate, and each
memory transistor includes a floating gate layer formed on
a gate oxide layer over a channel region between its source
and drain regions and a control gate layer separated from the
floating gate layer by an intermediate insulating layer To
program of write a selected memary transistor in the NAND
cell, operation of simultaneously erasing all memory tran-
sistors therein must be followed by the programming opera-
tion. The simultaneous erasure is performed by applying 0
volts to the bit line and rasing the gate of the first selection
transistor and control gates of all memory transistors to 17
volts. This casses all memory transistors to be changed into
enhancement mode transistors which are assumed as binary
logic “1” programmed transistors. To program a selected
memory transistor to a binary logic “0”, 22 volts are applied
to the bit line, the gate of the first selection transistor and
control gates of memory transistors between the first selec-
tion transistor and the selected memory transistor, while 0
volts are applied to the control gate of the selected memory
transistor, control gates of memory transistor between the
selected memory transistor and the common source line, and
the gate of the second selection transistor. Thus, the selected
memory transistor is changed into a depletion mode tran-
sistor by the Fowler-Nordheim tunneling (F-N tunneling) of
holes from its drain to its floating gate. However, the
problem of programming in this manner is that a portion of
the gate oxide of the selected memory transistor is subjected
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10 & stress induced by application of the high voltage to its
drain, and the partially stressed gate oxide causes leakage
current to flow. This results in degrading more and more the
data retention capability of the memory cell according to an
increase of the number of cycles of erasing and/or program-
ming, thereby reducing the reliability of the EEPROM. To
solve this problem, an improved device structure, in which
the NAND cells arc formed on a p-type well region imbed-
ded in an n-type semiconductor substrate, and further
improved erasing and programming technologies utilizing
the improved device structure are disclosed in the sympo-
sium on VLSI Technology, pp 129 to 130, 1990 under the
tile of “A NAND STRUCTURED CELL WITH A NEW
PROGRAMMING TECHNOLOGY FOR HIGHLY RELI-
ABLE 5 V-ONLY FLASH EEPROM™.

Erasure of all memory transistors in this NAND cell is
performed by applying 0 volts to all control gates and a high
potential of 20 volts to the p-type well region and the n-type
substrate, thereby uniformly extracting electrons from their
floating gates to the well region. As a result, each memory
transistor has a threshold voltage of about —4 volts which
represents a state of depletion mode, i.e. a logic “0”. To
program & selected memory transistor in the NAND cell, a
high voltage of 20 volts is applied to the gate of the first
selection transistor and the control gate of the selected
memory transistor, while 0 volts are applied to the gate of
the second selection transistor, and an intermediate voltage
of 7 volts is applied to control gates of unselected memory
transistors. If the selected memory transistor is to be written
or programmed into a logic “1”, 0 volts are applied to the bit
line connected with the NAND cell, thereby injecting elec-
trons into the fioating gate of the selected memory transistor.
This results in causing the selected memory transistor to
become enhancement mode. On the contrary, if the selected
memory transistor is to be programmed to a logic “0”, a
program inhibition voltage of 7 volts instead of 0 volt is
applied to the bit line to inhibit the programming of the
selected memory transistor. Since such a programming
operation uniformly injects electrons from the p-type well to
its floating gate via its gate oxide layer, the partial stress on
the thin gate oxide layer does not occur to a significant
degree, and the gatc oxide leakage current may thus be
prevented.

However, when the memory capacity becomes high, such
ways of uniform erasing and programming cause problems
in the case that system designers want to erase a portion or
a block of previously written or programmed memory cells
in order to reprogram. In this case, 2 conventional approach
is to simultaneously erase all memory transistors in a
memory cell array, i.e. to carry out a flash erasure, and then
to newly reprogram the content of all programs. Thus, since
significantly reusable portions or blocks of the memory
ammay are simultaneously erased, the reprogramming not
only needs a long time, but also is inconvenient. It may be
appreciated that such problems seriously occur when the
memory density becomes more higher. To solve these prob-
lems, it is made possible only to erase all memory transistors
in a selected memory block. However, in the case of an
EEPROM using the above-mentioned improved erasing and
programming techniques, to prevent the erasing of all
memory transistors in an unselected block, it is required that
a high voltage equal to an erase voltage or a high voltage of
about 18 volts or more be placed on their control gates.
Thus, this technology has a drawback that a decoding circuit
for performing a block erasing operation becomes compli-
cated on design. In addition, when the density of the
EEPROM cells increases, an on-chip occupying area of the
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decoder increases, thereby making it difficult to design the
decoder.

Another problem for the prior art is that of programming.
To prevent the programming of non-programmed memory
transistors, which must maintain previous data, of memory
transistors on a selected word line, it is required that each of
bit lines corresponding to the non-programmed memory
transistors be raised to the intermediate, ie. the program
inhibiting voltage, via a charge pump circuit connected
thereto. In addition, when the memory capacity is increased,
the number of bit lines or the length of each bit line is
increased. Consequently, it is necessary that a high voltage
generating circuit on the same chip for supplying the high
voltages to the charge pump circuits has a high performance.
Such a high voltage generating circuit and the charge pump
circuits give a problem in increasing the area occupied by
the on-chip peripheral circuits.

Conventional EEPROMs include a page program mode
for high-speed programming. The page programming opera-
tion is composed of a data loading operation and a program-
ming operation. The data loading operation comprises
sequentially latching or storing data of a byte size from
input/output terminals to a data register. The programming
operation comprises simultaneously writing the data stored
in the data register into memory transistors on a selected
word line via bit lines. The page programming technology
on an EEPROM with NAND cells is disclosed in the [EEE
JOURNAL OF SOLID-STATE CIRCUITS, VOL. 25, NO.
2, pp 417 to 423, APRIL 1990.

Conventional EEPROMSs employ a programming verifi-
cation technique to enhance their reliability. The verification
means checking to determine if programmed cells are pro-
grammed so as to have desired threshold voltages. Tech-
nologies of the programming verification may be classified
into an external verification technique controlled by a micro-
processor and an internal verification technique performed
by an on-chip verification circuit. The external verification
technique is disclosed in the IEEE JOURNAL OF SOLID-
STATE CIRCUITS, VOL. 26, NO. 4, pp 492 to 495, April
1991 and U.S. Pat. No. 5,053,990. The external verification
technique has a problem in that it takes a predetermined long
time to determine if programmed cells are well programmed.
In addition, whenever reprogramming is performed after the
failure of the programming, it is necessary that the data
loading operation is perfarmed again. However, the internal
verifying technique has an advantage that the programming
verification is performed at a higher speed. The internal
verifying technique is disclosed in Korean Patent Laid Open
NO. 91-17445 and U.S. Pat. No. 4,811,294, In these docu-
ments, the verification is performed in such a manner that
comparalor means compare data stored in a data register
with data resd out in pages from memory cells via sense
amplifiers. However, such a scheme employing comparator
means increases an occupied area of on-chip peripheral
circuits.

SUMMARY OF THE INVENTION

Itis therefore an object of the present invention to provide
a nonvolatile semiconductor memory with NAND struc-
tured cells which can reduce the size of chip.

It is another object of the present invention to provide a
nonvolatile semiconductor memory with NAND structured
cells which can reduce power consumption.

It is further object of the present invention to provide a
noavolatile semiconductor memory which performs an eras-
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ing of selected one of memory blocks.
It is still further object of the present invention to provide
a nonvolatile semiconductor memory which is program-
mable without application of a program inhibition voltage of
high voltages on unselected bit lines in order to reduce a chip
size and power consumption.

It is another object of the present invention to provide
methods for block erasing and programming which are
capable of reducing on-chip occupying area and power
consumption in a nonvolatile semiconductor memory with
NAND structured cells.

It is another object of the present invention to provide a
nonvolatile semiconductor memory in which on-chip area of
peripheral circuits can be reduced in size.

It is further object of the present invention to provide a
nonvolatile semiconductor memory in which over program-
ming can be prevented.

According to an aspect of the present invention, a non-
volatile semiconductor memory includes, word lines formed
over a surface of a semiconductor substrate; cell units
arranged on said surface to form an array, each said unit
including at least one memory transistor which has source
and drain regions formed in said substrate but separated by
a channel region, a charge storage layer formed over the
channel region, and a control gate formed over the floating
gate and coupled to a corresponding one of said word lines,
said array being divided into a plurality of memory blocks
each having a certain oumber of cell units; and means,
responsive to an address in a data erase mode, for applying
an erase voltage to said substrate, and simultaneously foat-
ing word lines of memory blocks unselected by said address,
whereby erasure of memory transistors of said unselected
memory blocks is prevented by capacitive coupling of a
predetermined amount of said erase voltage to the word lines
of said unselected memory blocks.

According to another aspect of the present invention, a
nonvolatile semiconductor memory includes, a semiconduc-
tor substrate having a well region; memory transistors
formed on the well region and arranged in a matrix form of
rows and columns, the memory transistors comprising cell
units each of which has a predetermined number of memory
transistors connected in series, and first and second termi-
nals at its both ends, cell units in respective rows constitut-
ing a memory block, each memory transistor having source
and drain regions formed in the well region but separated by
a channel region, a floating gate formed over the channel
region to store charge representing binary data, and a control
gate formed over the floating gate; word lines each being
connected to control gates of memory transistors in a
corresponding row; bit lines generally intersecting the word
lines; a common source line; first and second selection lines
generally in parallel with the word lines; first selection
transistors respectively connected between first terminals of
cell units in each memory block and corresponding bit lines
for selectively connecting therebetween, gates of first selec-
tion transistors associated with each memory block being
connected to a corresponding first selection line; second
selection transistors connected between second terminals of
cell units in each memory block and the common source line
for selectively connecting therebetween, gates of second
selection transistors associated with each memory block
being connected to a corresponding second selection line;
data register connected to the bit lines for providing binary
data to the bit lines, the register providing logic high level
voltages 1o bit lines associated with memory transistors
programmed to one binary data of the binary data while
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providing reference voltages to bit lines associated with
memory transistors programmed to the other binary data
thereof; and control means connected to the word lines and
the first and second selection lines for applying a program
voltage to a selected one of word lines of a selected memory
block and pass voltages to unselected word lines of the
unselected memory block while applying a logic high level
voltage to the first selection line associated with the selected
memory block and rendering nonconductive second selec-
ton transistors associated therewith, whereby channel
regions and source and drain junctions of memory transis-
tors in the selected memory block are capacitively charged
to program inhibition voltages.

According to another aspect of the present invention, a
method for programming memory transistors in a row in a
semiconductor memory which comprises a semiconductor
substrate; memory transistors formed on a surface of the
substrate and arranged in rows and columns, the memory
transistors comprising cell units each of which has a prede-
termined number of memory transistors connected in series,
and first and second terminals at its both ends, each memory
transistor having source and drain regions formed in the
substrate but separated by a channel region, a floating gate
formed over the channel region to store binary data, and a
control gate formed over the floating gate, cell units in
respective rows constituting a memory block; word lines
each being connected to control gates of memory transistors
in a corresponding row; bit lines generally intersecting the
word lines, the first terminal of each of cell units of each
memory block being connected to a corresponding one of
the bit lines via a first selection transistor; and a common
source line connected to the second terminal of each of cell
units via a second selection transistors, the method includes
the steps of applying a program voltage to a selected word
line of a selected memory block and a pass voltage lower
than the program voltage to the remaining word lines
thereof, while applying a logic high level voltage lower than
the pass voltage to gates of first selection transistors asso-
ciated with the selected memory block and rendering non-
conductive second selection transistors associated therewith,
the logic high level voltage corresponding to a logic high
state; and applying a logic low level voltage corresponding
to a logic low state to bit lines associated with memory
transistors programmed from one binary data to the other
binary data, while applying the logic high level voltage to bit
lines associated with memory transistors not programmed,
whereby channel regions and source and drain junctions of
the memory transistors are capacitively
charged to a voltage level between the logic high level
voltage and the program voltage 50 as to prevent program-
ming, while those of the programmed memory.

BRIEF DESCRIPTION OF DRAWING

For a better understanding of the invention, and to show
how embodiments of the same may be carried into effect,
reference will now be made, by way of example, to the
accompanying diagrammatic drawings, in which:

FIG. 1 shows a schematic block diagram of an electrically
erasable and programmable read-only memory according to
the present invention;

FIG. 2 is comprised of FIGS. 2a and 2b: FIG. 21
illustrating the arrangement of memory cells within a first
and a second memory blocks associated with a k-th column
block, and transfer transistor arrays connected thereto; and
FIG. 2b showing an input/output buffer, a column decoder
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and selection circuit, a data register and sense amplifiers
associated with the k-th column block;

FIG. 3 shows a plane view of layout pattern for one of
NAND cells constituting a memory cell array;

FIG. 4 shows a cross-sectional view of NAND cell taken
substantially along line IV—IV of FIG. 3;

FIG. § shows a schematic circuit diagram of a block
selection control circuit used in an embodimer:t of FIG. 2;

FIG. 6 shows a schematic circuit diagram of a control gate
driving circuit used in embodiments of FIG. 2 and FIG. 13;

FIG. 7 shows a schematic circuit diagram of a source line
driving circuit used in the embodiment of FIG. 2;

FIG. 8a shows a circuit diagram of a tristate inverter used
in FIG. 2b;

FIG. 8b shows a circuit diagram of a tristate NAND gate
used in FIG. 6;

FIG. 8¢ shows a schematic timing circuit diagram for
generating control signals ¢, and ¢, used in the block
selection control circuit of FIG. §;

FIG. 9 shows a program determination circuit comprised
of FIGS. 9a and 9b, in which FIG. 9 is a circuit diagram
showing a portion of the program determination circuit and
FIG. 9b is a circuit diagram showing a summation circuit;

FIG. 10 shows a timing chart of various control signals
used in a block erasing mode according to the first embodi-
ment of the present invention;

FIG. 11 shows a timing chart of various control signals
used in a programming mode according to the first embodi-
ment of the present invention;

FIG. 12 shows a timing chart of various control signals
used in a programming verification mode and a reading
mode according to the first and modified embodiments of the
present invention;

FIG. 13 is a circuit diagram showing a schematic modified
embodiment comprised of FIGS. 13a and 2b, in which FIG.
13a is a circuit diagram illustrating the amrangement of
memory transistors within an i-th memory block having
shared word lines in the k-th column block;

FIG. 14 shows a schematic circuit diagram of a block
selection control circuit associated with the modified
embodiment of FIG. 13;

FIG. 15 shows a schematic circuit diagram of a ground
line driving circuit associated with the modified embodiment
of FIG. 13;

FIG. 16 shows a timing chart of various control signals
used in a block erasing mode of the modified embodiment;

FIG. 17 shows a timing chart of various control signals
used in a programming mode of the modified embodiment;
and

FIG. 18 is a diagram showing the manner in which the
separate sheets of drawings of FIGS. 2a and 2b, and FIGS.
13a and 2b.

In the figures, like reference numerals denote like or
corresponding parts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description, numerous specific details,
such as memory cells, the number of NAND cells, the
number of bit lines, the value of voltages, circuit elements
and parts and so on, are set forth in order to provide a
thorough understanding of the present invention. It will be
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understood by those skilled in the art that other embodi-
ments of the present invention may be practiced without
these specific details, or with alternative specific details.
The term “memory transistor” as used herein refers to a
foating gate MOS FET having a source, a drain, a fioating
gate and a control gate. The term “‘programming” is used to
describe the writing of data into selected memory transis-
tors. The term “NAND cell charging” is defined to the
charging of the channel and the source and drain junction
capacitors of the respective memory transistors constituting

the NAND cell to a predetermined potential.

In the following description, symbols k and i are respec-
tively used for those parts associated with a k-th column
block and an i-th memory block. Symbol j represents a
notation associated with a j-th word line.

The term “ground potential” (or like terms such as
“ground voltage” or “earth” potential or voltage” is used
conveniently in this specification to denote a reference
potential. As will be understood by those skilled in the art,
although such reference potential may typically be zero
potential, it is not essential that it is so, and may be a
reference potential other than zero.

An example of an EEPROM of the present invention is
fabricated by using CMOS manufacturing technologies on a
common chip, in which depletion mode n-channel MOS
transistors each having a threshold voltage of -2 to -3 volts
(bereinafter referred to as D-type transistors), enhancement
mode n-channel MOS transistors each having a threshold
voltage of about 0.7 volts (hereinafter referred to as n-chan-
nel transistors) and p-channel MOS transistors each having
a threshold voltage of about —0.9 volts (hereinafter referred
to as p-channel transistors) are employed.

FIG. 1 illustrates a schematic block diagram of one
example of an EEPROM according to the preseat invention.

FIG. 2 is composed of FIG. 24 and FIG. 2b in parallel
relationship with each other, and shows, for the convenience
of illustration, only those elements associated with the k-th
input/output terminal I/Ok: a memory cell array 10, an input
and an output buffers 26 and 28, a column decoder 30, a
column selection circuit 32, a data register and sense ampli-
fier 12 and a transmission transistor array 34-i which is
connected with the memory cell array 10 and constitutes a
portion of a block selection contro! circuit 18. It should be
noted that elements associated with the remaining input/
output terminals are identical to those associated with the
terminal 1/Ok.

Referring now to FIGS. 1 and 2, the memory cell array 10
of the present EEPROM is composed of NAND cells NU
arranged in & matrix form of 1,024 rows and 2,048 columns,
and includes 1,024 memory blocks BK1 to BK 1024 divided
in a row dissetion. Each NAND cell is composed of memory
transistors M1 to0 MB whose dmain-source paths are con-
nected in series between the source of a first selection
transistor ST1 and the drain of a second selection transistor
ST2. Gates of the first and second selection transistors ST1
and ST2 and control gates of the memory transistors M1 to
MS8 are respectively connected to first and second selection
lines SL1 and SL2 perpendicular to bit lines BLk-1 to
BLk-256 (k=1,2,.. ., 8) and word lines WL1 to WLS. Thus,
the memory transistors M1 to M8 are disposed at intersec-
tions of the word lines WL1 to WLS8 and the bit lines BLk-1
to BLk-256. Drains of the first selection transistors ST1 are
respectively comnected with corresponding bit lines, and
sources of the second selection transistors ST2 are con-
nected to 2 common source line CSL. Consequently, the
memory cell array 10 is comprised of memory cells of a total
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of 1,024x8x2,048 (=16,777,216), and each memory block is
comprised of memory cells of a total of 8x 2,048 (=16,384).
The memory cell array 10 is divided into eight column
blocks Bk (k=1,2, . . ., 8) respectively corresponding to
input/output terminals /01 to 1708, and each column block
has 256 bit lines or column lines which are parallel in a
column direction. Thus, each column block includes
memory cells totalling 256 Kbit (=1,024x256).

The memory cell array 10 is formed on a p-well region in
a semiconductor substrate. FIGS. 3 and 4 respectively show
a plan view and a cross-sectional view of one of NAND cells
NU constituting the memory cell array 10.

Referring to FIGS. 3 and 4, the semiconductor substrate
72 is of a p-type silicon monocrystalline material which is
cut on the (1,0,0) crystal orientation at an impurity concen-
tration of about 7x10'* atoms/cm?®. A p-type well region 76
with an impurity concentration of about 2x10'¢ atoms/cm’®
is formed having a depth of about 4 ym from a main surface
78 of the substrate 72. The well region 76 is surrounded by
a n-type well region 74 of about 10 ym in depth with an
impurity concentration of about 5x10'° atoms/cm®. Heavily
doped N* regions 80 to 92 are formed on the main surface
78 of the well region 76 and separated by each of a plurality
of channel regions 94. One part of the N* region 80 is a
contact region connected via a contact hole 96 to a bit line
BL of a metal material, such as an aluminum, which extends
over an insulation layer 112, and the other part of the N*
region 80 also serves as a drain region of the first selection
transistor ST1. The N* regions 82 to 90 serve as common
source-drain regions of two adjacent transistors of transis-
tors ST1, M1 to M8 and ST2. One part of the N* region 92
is a source region of the second selection transistor ST2, and
the other part of the N* region 92 serves as buried common
source line CSL. However, the line CSL may be a conductor
layer which is insulatively formed within the insulating layer
112 contacting with the N* source region 92 of the transistor
ST2 via a contact hole. Gate layers 98 and 100 of a

metal silicide material, such as a tungsten silicide,
each of which has a thickness of about 1,500 A, are
respectively formed on gate insulating layers 102 of about
300 A thickness, overlying channel regions of the first and
second selection transistors ST1 and ST2.

Floating gate layers 104 of a polycrystalline silicon mate-
rial are insulatively formed with a thickness of about 1,500
A on gate insulating layers 106 of about 100 A thickness
overlying channel regions 94 of memory transistors M1 to
MS8, respectively. Control gates 108 of the same material and
thickness as the gate layers 98 and 100 are respectively
formed over the floating gate layers 104 interposing inter-
mediate insulating layers 100, such as ONO insulating
layers of silicon dioxide-silicon nitride-silicon dioxide mate-
rials, of about 250 A thickness. The gate layers 98 and 100
and the control gate layers 108 are respectively shared by the
first and second selection lines SL1 and SL2 and word lines
WL1 to WLS, ie. conductor layers which are fabricated
from the same material as the gate and control gate layers 98,
100 and 108. The gate layers 98 and 100, control gate layers
108, floating gate layers 104, the first and second selection
lines SL1 and SL2, and word lines WL1 to WLS8 are
insulated from one another with an insulating layer 112 of
insulating materials, such as a silicon dioxide and 2 BPSG
or a PSG.

The bit line BL is connected with the contact region 80 via
the contact hole 96 and extends in a column direction on the
insulating layer 112. The p-type well region 76 and the
a-type well region 74 are connected to a well electrode 114
in common via contact holes (not shown). An erasing
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voltage is applied to the well electrode 114 in an erasing
operation, and a reference potential, ie. ground potential is
applied to the well electrode 114 in operations except the
erasing operation, ie. in a programming, programming
verification and reading operations. However, the substrate
72 is always at the reference potential. The memory cell
array 10 may also be formed on a p-type well region formed
in an o-type monocystalline silicon substrate.

Returning now to FIGS. 1 and 2, the block selection
control circuit 18 serves to select a predetermined memory
block of the memory blocks BK1 to BK1024, and to provide
control signals on control gate lines CGL1 to CGLS from a
contro!l gate driving circuit 20 to word lines WL1 to WL8 in
the selected memory block according to various operation
modes, such as the erasing, programming, programming
verification and reading modes. In FIG. 2g, illustration is
made of transfer transistor arrays 34-i constituting a portion
of the block selection control circuit 18. Each of the transfer
transistor arrays 34-i includes transfer transistors BT1 to
BT10 for connecting the first and second selection gate lines
SGLi-1 and SGLi-2 and control gate lines CGL1 to CGLS
to the first and second selection lines SL1 and SL2 and word
lives WL1 to WLS, respectively.

According to one feature of the illustrated embodiment of
the present invention, the block selection control circuit 18
renders nonconductive the transfer transistors associated
with unselected memory blocks in an erasing operation,
thereby causing word lines in unselected memory blocks to
become floating. In a programming operation, the block
selection control circuit 18 renders conductive the second
transistor ST2 in a selected memory block, thereby charging
the program inhibition voltage from a source line driving
circuit 22 to channels and source and drain junctions of
memory transistors in the selected memory block.

FIG. 5 shows a schematic circuit diagram for a block
selection control circuit 18 connected to a transfer transistor
array 34-i of FIG. 2a. For example, in the case of i=2, lines
SGL2-1, SGL2-2 and BSC2 of FIG. § are respectively
connected to lines SGL2-1, SGL2-2 and BSC2 of the
transfer transistor array 34-2 associated with the second
memory block BK2 as shown in FIG. 2a. Thus, it should be
understood that though FIG. 5 shows, for the convenience of
illustration, only a single circuit for selecting the i-th
memory block BKi, the block selection control circuit of
FIG. § comesponding to each of memory blocks BK1 to
BK1024 resides on the present EEPROM chip as a periph-
eral circuit.

Referring now to FIG. 5, NAND pgate 120 is a row
decoder for receiving address signals P], QI, and Rl and a
reset signal Xd. The address signals P1, Ql and R are signals
predecoded by sow address signals from a predecoder (not
shown) for predecoding row address signals A A, t0 A,
Ao which are output from an address buffer for storing a
row address a,, 10 &, from external address input terminals,
The row decoder 120 provides a logic low state of 0 volts
(hereinafter referred to as an “L” state or an “L"” level) on a
line 122 when selected, and outputs a logic high state of 5
volts (hereinafter referred to as an “H” state or an “H” level)
thereon when unselected. Two input terminals of NAND
gate 124 are connected (o the line 122 and a signal BCK,
respectively. The signal BLK is a control signal for setting
word lines WL1 to WLS to the reference potential before or
after the respective operations, as will be discussed herein-

after. The output of the NAND gate 124 is connected to the 65

first selection gate line SGLi-1 and to the block selection
control line BSCi via a current path of D-type transistor 126
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for inhibiting the transfer of a high voitage. The gate of the
transistor 126 is connected to 2 program control signal
PGM for maintaining an “L" state in a programming opera-
tion. A charge pump circuit 128 is connected with the block
sclection control line BSCi for providing, when the line
BSCi is selected, a program voltage V. em 00 the line BSCi
by the pumping of a clock ¢, in the programming operation.
The charge pump circuit 128 is a known circuit comprised
of n-channel transistors 130 and 132 and 2 MOS capacitor
134.

Two input terminals of NAND gate 136 are respectively
connected with an erase control signal ERA and the line 122.
A transfer gate 148 composed of n-channel transistor 140
and p-channel transistor 142 is connected between the
output of the NAND gate 136 and a connecting node 146,
The gate of n-channel transistor 140 is connected to a control
signal ¢, and the gate of p-channel transistor 142 is con-
nected to the complement signal of ¢, via an inverter 138.
The current path of n-channel transistor 144 is connected
between the node 146 and the reference potential, and its
gate is connected with a control signal ¢,. The source-to-
drain current path of D-type transistor 150 for preveating the
transfer of a high voltage is connected between the node 146
and the second selection gate line SGLi-2, and its gate is
connected to a control signal WE. A charge pump circuit 152
having the same construction as the circuit 128 is connected
to the second selection gate line SGLi-2 for providing apass
voltage V,,, thereon during the programming operation
when the {ine SGLi-2 is selected.

FIG. 8¢ is a schematic circuit diagram for generating the
control signals ¢4 and ¢, as used in FIG. §. In an erasing
operation or mode, ¢, and ¢, are all in “L"” states, and in a
NAND cell charging operation as will be discussed later, ¢,
isin“H"stateand@,isin“L"staxe.Inpmmmming
verification and reading operations, ¢ is in “H” state and ¢.,
is in “L" state.

FIG. 6 illustrates one of eight control gate driving circuits,
ie. the j-th control gate driving circuit which constitutes
control gate driving means and is associated with the j-th
word line. The outputs of the control gate driving circuits are
respectively connected to control gate lines CGL1 to CGLS
which are respectively connected to word lines WL1 to WL8
via transfer transistor arrays 34-i. From the point of view of
reduction of total chip size, it would be preferable that the
control gate driving circuits be provided in common in an
on-chip peripheral circuit so as to drive word lines of a
selected memory block according to various operation
modes.

Referring now to FIG. 6, NAND gate 154 is a row
decoder receiving row address signals A./A;, A/A, and
A,o/A}, from address buffer (not shown). The decoder 154
outputs “L” state upon selection of the line CGLj while
outputting “H” state upon unselection thereof. The output of
the decoder 154 and a control signal PVF are respectively
connected to two input terminals of NOR gate 173. An
output signal ¢, of the NOR gate 173 and its complement
signal @, via an inverter 174 are provided to control a
tristate NAND gate 158 and a verifying voltage generator
164. The control signal PVF maintains an “L” state only in
a programming verification operation. Thus, in every opera-
tion excepting the programming verification operation, the
control signal PVF stays at “H” level, thereby causing the
signal §, 1o be in an “L” state while causing the signal
®, 10 be in an “H" state. In the programming verification
operation, if the line OGL}j is selected, ¢, becomes “H™ state
and its complement &, becomes “L” state while, if the line
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CGL;j is unselected, ¢, becomes “L” state and &, becomes
“H" state. NAND gate 156 inputs the output of the decoder
154 and control signals DS and ERA, respectively. Two
input terminals of the tristate NAND gate 158 are respec-
tively connected to an output line 160 of the NAND gate 156
and the control signal PGM. The tristate NAND gate 158
illustrated in FIG. 8b is enabled in response to ¢, at “L” level
and &, at “H” level while becoming high impedance with ¢,
at “H” level and &, at “L” level. Thus, in the programming
verification operation, the NAND gate 158 stays in the high
impedance state only at the time when the line CGLj is
sclected. The output of the NAND gate 158 is connected to
a connecting node 162 to which the verifying voltage
generator 164 is connected.

The verifying voltage generator 164 is comprised of a
p-channel transistor 166 and n-channel transistors 168, 170
and 172 whose current paths are connected in series between
the power supply voltage Vcc and the reference potential.
The gate of the p-channel transistor 166 is connected to a
chip enable signal CE, and gates of the transistors 168 and
170 are connected to the signal ¢, from the NOR gates 173.
Drain and gate of the transistor 172 are connected in
common. The verifying voltage generator 164 is enabled by
¢, at “H" level only in the programming verification opera-
tion, thereby producing a verifying voltage of about 0.8 volts
to the connecting node 162. Connected between the con-
necting node 162 and the control gate line CGLj is. the
source-to-drain current path of D-type transistor 176 for
inhibiting the transfer of a high voltage, the gate of which is
connected to the control signal PGM.

Two input terminals of NAND gate 178 are respectively
connected to the output of the NAND gate 156 and the clock
b from a ring oscillator (not shown). Between the output of
the NAND gate 178 and the gate of a driving n-channel
transistor 182 is connected a charge pump circuit 180 which
has the same construction as the above-mentioned charge
pump circuit. Drain and source of the transistor 182 are
connected to the program voltage V,,,,, and the control gate
line CGLj, respectively. Inverter 190 receives the program
control signal PGM, and the current path of D-type transistor
192 for preventing the transfer of a high voltage is connected
between the output of the inverter 190 and the gate of the
transistor 182 which is connected to the control signal
PGM. As will be discussed hereinafter, a circuit 196 which
is comprised of NAND gate 178, the charge pump circuit
180 and the driving transistor 182 provides means for
supplying the program voltage V., 1o the control gate line
CGL;j when the line CGLj has been selected by row address
signals AyfAg, Ay/A; and A,o/A  in 2 program

Two input terminals of NOR gate 188 are respectively
connected o the output of the NAND gate 156 and the clock
¢x- Between @e output of the NOR gate 188 and the gate of
a driving n-channel transistor 184 is connected a charge
pump circuit 186. Drain and Source of the transistor 184 are
respectively connected to the pass voltage Vpas and the
control gate line CGLj. Between a connecting node 202 and
the gate of the transistor 184 is connected the current path of
D-type wansistor 194 for preventing the transfer of a high
voltage, the gate of which is connected to the control signal
PGM. As will be discussed hereinafter, a circuit 200 which
is comprised of NOR gate 188, the charge pump circuit and
the transistor 184 provides means for supplying the pass
voltage V,, to the control gate line CGLj when the line
CGLjj is sclected by the row address signals in the program
mode.

FIG. 7 shows a schematic circuit diagram of a source line
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driving circuit which is connected in common to the com-
mon source live CSL as shown in FIG. 2a. The source line
driving circuit 22 is composed of an inverter 204 whose
input terminal is connected 1o the control signal FCM, a
D-type transistor 206 whose current path is comnected
between the output terminal of the inverter 204 and the
common source line and whose gate is connected to the
control signal PGM, and a charge pump circuit connected to
the common source line CSL. The charge pump circuit
serves 1o boost the common source line to 2 program
inhibition voltage V,, in the program mode.

The input/output buffer 16 is comprised of the input buffer
26 and the output buffer 28 which are each comnected to
input/output terminals. The input buffer 26 connected to
cach of input/output terminals I/01 to 1/08 is a conventional
circuit for converting a byte of data (8-bit data) therefrom to
CMOS level data and temporarily storing it. Output buffers
28 are conventional circuits to simultaneously output 8-bit
data read out from the corresponding column blocks to the
corresponding input/output terminals.

The column decoder and selection circuit 14 of FIG. 2b is
comprised of the column decoder 30 and the column selec-
tion circuit 32. The column selection circuit 32 associated
with each of column blocks is comprised of transfer tran-
sistors T1 to T256, source-to-drain paths of which are
respectively connected between a common bus line CBLk
and lines DLk-1 to DLk-256. Gates of the transfer transistors
T1 to T256 are respectively connected to paralle] lines TL1
to TL256 which are connected to the column decoder 30.
The column decoder 30 selects one of the lines TL1 to
TL256 in response to column address signals from address
buffers not shown, thereby rendering conductive transfer
transistors connected with the selected line.

The data register and sense amplifier 12 is comnected
between the lines DLk-1 to DLk-256 and bit lines BLk-1 to
BLK-256 which are associated with the corresponding col-
umn block, as shown in FIG. 2b. In series between the bit
lines BLk-1 to BLk-256 and nodes 36 are respectively
connected drain-to-source paths of D-type transistors 38 and
40. Gates of the D-type transistors 38 are connccted to the
power supply voltage Vcc to prevent the transfer of high
voltages induced on the bit lines BLk-1 to BLk-256 in a
block erasing operation. Gates of the D-type transistors 40
are connected to a conirol signal ¢, staying at “H” level of
about 5 volts during programming. Between the nodes 36
and nodes 42 are respectively connected drain-to-source
paths of n-channel transistors 44. Gates of the transistors 44
are connected to a control line SBL staying at “H” level
during programming. Between the nodes 42 and nodes 46
are respectively connected latches PBk-1 to PBk-256 con-
stituting the data register which is referred to as a page
buffer. Each of the latches is comprised of two inverters
cross connected. The latches PBk-1 to PBk-256 serve not
only as a page buffer for temporarily storing data so as to
simultaneously write the data into memory cells via respec-
tive corresponding bit lines in a programming operation, but
also as verifying detectors for determining if the program
was well performed in a programming verification operation
and as sense amplifiers for sensing and amplifying data on
bit lines which is read out from memory cells in a reading
operation. A tristate inverter 48 and an n-channel transistor
49 are connected in parallel between each of nodes 42 and
its coresponding one of the lines DLk-1 to DLk-256, Each
tristate inverter 48, which is referred to as a clocked CMOS
inverter, is enabled by a control signal ¢, at “H” level while
becoming high impedance by the signal ¢, at “L” level.
Thus, each of the inverters 48 serves as a buffer amp, being




5,473,563

13

enabled in ing verification and reading operations.
N-channe] transistors 49 whose gates are connected to a
control signal ¢, are transfer transistors for transferring input
data to the corresponding latches PBk-1 to PBk-256 in a
programming operation. The tristate inverter 48 which is
used in the present embodiment is illustrated as a schematic
circuil diagram in FIG. 8a. Between each of nodes 46 and
the reference potential are serially connected current paths
of n-channel transistors 50 and 52. Gates of the transistors
52 are connected to a control signal $, staying at “H” level
during a verification sensing period in & programming
verification operation and during a read sensing period in a
read operation. Gates of the transistors 50 are respectively
connected to the nodes 36, and drain-to-source paths of
n-channe] transistors 37 are respectively connected between
the nodes 36 and the reference potential. Gates of the
transistors 37 are connected in common to a line DCB to
which a contro! signal is applied to cause bit lines to be
discharged after completion of erasing and programming
operations and to reset the data register to “L" state, i.e. “O”
data prior to a reading operation.

The data register and sense amplifier 12 includes a
constant current source circuit 33, which is referred to as a
current mirror, according to the present embodiment. The
constant current source circuit 33 comprises a reference
portion 64 which is enabled in programming verification and
reading operations and disabled in erasing and programming
operations; and current source portions 66 comprised of
p-channel transistors 54 whose drain-to-source paths are
respectively connected between gates of the transistors 50
and the power supply voltage Vcc. The reference portion 64
is comprised of p-channel transistors 56 and 58 and n-chan-
nel transistors 60 and 62 to serve as a reference for the
current source transistors 54. Source-to-drain paths of the
p—chamclumsistom“andsaareconnectedinmllcl
between the power supply voltage Vec and a line 68, and the

- gate of the p-chanme] transistor 58 is connected to the line
68. Drain-to-source paths of the n-channel transistors 60 and
62 are connected in series between the line 68 and the
reference potential. The gate of the n-channel transistor 60
is connected to a reference voltage V. of about 2 volts.
Gates of the transistors 56 and 62 are comnected to a control
signal ¢, and gates of the current source transistors 54 are
connected to the line 68. Thus, in programming verification
and reading operations, the current source transistors 54
connected to the reference portion 64 which is enabled by
the control signal ¢, serve to provide a constant current of
about 4 pA to bit lines BLk-1 to BLk-256,

A programming determination circuit 24 of FIG. 1 is
connected via lines 70 to lines DLX-1 to DLk-256 of FIG. 2b
to serve to determine if every programmed memory tran-
sistor reaches the range of desired threshold voltages in a
programming verification operation.

FIG. 9 shows a schematic circuit diagram of the program-
ming determination circuit 24. It should be noted that the
circuitry of FIG. 9g is a portion of the programming deter-
mination circuit 24 associated with the k-th column block
CBk, and eight circuits corresponding to the respective opes
of column blocks present as a peripheral circuit on the
on-chip EEPROM. A circuit shown in FIG. 95 is a summa-
tion circuit to perform a summation function for providing
an “L” level when any one of signals FP1 to FP8 is “L”
level. Referring to FIG. 9a, drain-to-source paths of n-chan-
nel transistors 212 to 216 are connected in parallel between
a line 210 and the reference potential, and gates of the
transistors 212 to 216 are respectively connected to lines 70
of FIG. 2b. Current paths of p-channe] transistors 218 and
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D-type transistor 220 are connected in series, and the gate of
the transistor 218 is counected to a coutrol signal SUP
staying at “L" level in & programming verification operation
while the gate of the transistor 220 is connected {0 the line
210. The transistors 212 to 220 constitute a NOR gate 234.
Two input terminals of NOR gate 222 are respectively
connected to the line 210 and a control signal SFP which
becomes “L" state only upon 2 verifying check. The input of
an inverter 224 is connected to the output of the NOR gate
222, and the output terminal of the inverter 224 outputs FPk.
The summation circuit 236 of FIG. 9b is comprised of
NAND gate 226 connected to lines FP1 to FP4; NAND gate
228 connected with signals FPS to FP8; and NOR gate 230
connected to outputs of the NAND gates 226 and 228.

Referring now to the timing charts of FIG. 10 to FIG. 12,
an explanation will be given of operations and features of the
first embodiment shown in FIGS. 110 9.

Block Erasing Mode

In a block erasing mode, the data register and sense
amplifier 12, the column decoder and selection circuit 14,
the input/output buffer 16 and the programming determina-
tion circuit 24 are all in off states. Explained in more detail,
the column decoder 30 of FIG. 2 is reset, thereby rendering
transfer transistors T1 to T256 nonconductive. Control sig-
nals ¢, to ¢ and signals on lines DCB and SBL are held in
“L" states, so that the data register and sense amplifier 12
become nonconductive. The coatrol signal SUP of FIG. 9«
is held in “H™ state, and the programming determination
circuit 24 is thereby nonconductive. The source line driving
circuit 22 provides “L" state, ie. the reference potential of
0 volts on the common source line CSL by PGM staying at
“H” level.

Now, an explanation will be given in conjunction with the
timing chart of FIG. 10, assuming that simnitaneous block
erasing is performed on data stored in memory transistors in
the memory block BK1.

The time interval between t, and t , is a period for
discharging all word lines WL1 to WLS8 to the reference
potential. During this period, NAND gate 124 of FIG. 5
retains “H” level with the control signal BLK at “L” level,
and D-type transistor 126 is conducting with PGM at “H”
level. Thus, the block selection control line BSCH stays at
“H" level of 5 volts. At this time, the charge pump circuit
128 is in a nonconducting state. Consegquently, in this period,
all of the block selection control lines BSCI to BSC1024
maintain the potential of 5 volts. On the other hand, in this
period, since control signals PVF and PGM stay at “H"
levels and the control signal ERA is at “L” level, the cutputs
of NAND gate 156 and tristate NAND gates 158 remain at
“H” level and “L” level, respectively. At this time, the
tristate inverter 164 is in a high impedance state. Thus, the
control gate line CGLj stays at “L" level of 0 volts via
turned-on D-type transistor 176. Consequently, all of control
gate lines CGL1 to CGL8 maintain “L” level during this
period. Transfer transistors BT1 to BT10 are all turned on by
the potential of the block selection control lines BSC1 to
BSC1024 of 5 volts, and word lines WL1 to WLS are all
discharged to the reference potential.

The time duration between t, and (, is a period to erase all
memory cells in only a selected memory block. At time t,,
the decoder 120 reccives address signals P1, Ql and Rl which
are all at “H” levels to select the memory block BK1, and the
output of the decoder 120 thereby goes to “L” level. Thus,
the output of NAND gate 124 goes to “H” level. Conse-
queatly, the block selection control line BSC1 correspond-
ing to the selected memory block BK1 remains at the
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potential of $ volts during the period between t, and t,.
However, decoders 120 associated with unselected memory
blocks BK2 to BK1024 output “H” levels since at least one
of the address signals P1, Q! and Rl is “L" level. Conse-
quently, block selection control lines BSC2 to BSC1024
associated with the unselected memory blocks go to the
reference potential of O voits. Thus, transfer transistors in the
transfer transistor array 34-1 are all tumed on, and word
lines WL1 to WLS in the memory block BK1 thereby go to
the reference potential. However, since the transfer transis-
tor arrays 34-2 10 3-1024 connected with unselected memory
blocks BK2 to BK1024 are all turmed off, word lines
associated therewith go to floating states.

At time t,, the erase voltage Vera of about 20 volts is
applied to the p-type well region 76 and the n-type well
region 74 via the well electrode 114 of FIG. 4. During the
time interval between t, and t,, i.e. during the time period of
about 10 msec, floating gates of memory transistors in the
selected memory block BK1 accumulate holes by means of
the F-N tunneling which is generated by the application of
the erase voltage Vera to their channel, source and drain
regions and that of the reference potential to their control
gates. Thus, all of the memory transistors in the memory
block BK1 are changed into D-type transistors having
threshold voltages of about —3 volts. That is, all memory
transistors in the memory block BK1 are erased to binary
zero data.

However, in the case when the erase voltage V., is
applied to the p-well and N-well regions 76 and 74 via the
well electrode 114 at time t,, since word lines in unselected
memory block BK2 to BK1024 are then in floating states,
the word lines are thereby charged to substantially the erase
voltage Vera by a capacitive coupling. Thus, the charged
voltage of the word lines in the unselected memory blocks
sufficiently reduces the electric field between the channel
region and the control gate of each memory transistor such
that its erasure can be prevented. The inventors have dis-
covered that word lines in unselected memory blocks were
charged to amount of 80 to 90 percent of the erase voltage
V o and data of programmed memory transistors in the
unselected memory blocks was not destroyed or disturbed.
Thus, in the block erasing of the present embodiment, since
it is unnecessary to apply the program inhibition voltage
from a voltage boosting circuit to word lines in unselected
memory blocks, a reduction of as well as the prevention of
power consumption the area occupied by the chip. More-
over, the present invention has an advantage of increasing
cffective memory array area whilst reducing peripheral
circuit area on a chip surface of a fixed size. This results in
increasing the memory capacity of the EEPROM.

In the above-mentioned block erasing operation, the erase
voltage applied to the well clectrode 114 is coupled as well
on the floated word lines as on floated bit lines. Thus, the bit
lines are also charged to the erase voltage of about 20 volts
in the block erase operation. To prevent voltage-induced
stress on transistors 40 of FIG. 2b due to the charged erase
voltage, D-type transistors 38, whose gates are connected to
the power supply voltage Vcc, are respectively connected
between bit lines BLk-1 to BLk-256 and the transistors 40.

During the block erasing operation between t, and t,, the
first selection line SL1 of the selected memory block BK1
maintains a potential of about 4.3 volts, and the second
selection line SL2 of the block BK1 is in a floating state
since control signals ¢, and ¢, are at “L” levels, thereby
rendering transistors 140 to 144 of FIG. § nonconductive.
The floating state of the second selection line SL2 thereof
prevents current flowing via the line SL2 from the well
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electrode 114 when one or some of the second selection
transistors ST2 thereof failed. During the block erasing
operation, the voltage relationship of significant portions of
selected and unselected memory blocks can be summarized
in the following TABLE 1.

TABLE 1|
Voltage States Volags States
For Selecied Memory For Unselected
Block Memory Blocks
First Selection Line 4.3V oV
SL1
Word Lines WLI oV Approximately 20 V
to WL8
Second Selection Floating Floating
Line SL2
Well Electrode 0V 20V

Tumning to FIG. 10, the time duration between t, and ty is
a period to discharge the charged voltage on bit lines and
word lines. At time t,, the block erasing operation terminates
and the erase voltage Vera goes to the reference potential
while control signals WE and ERA zo to “H” levels.
Between t, and t,, the output of NAND gate 156 stays at “H™
level with the control signal DS at “L” level. Thus, the
output of NAND gate 158 goes to “L" level with the control
signal PGM at “H” level. Consequently, control gate lines
CGL1 to CGLS maintain “L" levels between t, and t,.
During this period, the output of NAND gate 124 of FIG. §
stays at “H” level with the control signal BLK at “L” level
Thus, each of block selection control lines BSC1 to
BSC1024 goes 1o a potential of 5 volts. Consequently, all
transfer transistors BT1 to BT10 are turmed on, and all word
lines WL1 to WLS are discharged to the reference potential.
On the other hand, the first and second selection lines SL1
and SI1.2 are also discharged to a potential of 5 volts.

At time t,, the line DCB goes to “H"” level and ¢, also
goes to “H level. Thus, the erase voltage charged on bit
lines discharges to “L" level via transistors 37 shown in FIG.
2b

At time t,, control signals BLK and DS go to “H” levels
and X goes to “L” level. Thus, NAND gate 120 of FIG. §
goes to “H” level, and the first and second gate lines SGLi-1
to SGLi-2 and block selection control lines BSCi go to the
reference potential.

Program Mode

The present EEPROM performs a data loading operation
to store data input via input/output terminals into data
iatches PBXk-1 to PBk-256 prior to a programming operation
after an erasing operation.

Data loading operation is accomplished prior to a time t,
of FIG. 11. During the data loading operation, control
signals X, ¢, ¢, and ¢,, program voltage V,,,,, pass
voltage V., p-well region 76, program inhibition voltage
V,, and lines SBL and DCB stay at “L" levels, and control
signals WE, PGM, SLE, BLK, DS, ERA, PVF, SUP ¢, ¢,
and ¢, are at “H” levels. As can be seen in FIG. 5, since
X4s “L” level and BLK, ERA, SLE, WE and PGM are all
“H levels, block selection gate lines BSC1 to BSC1024 stay
at “L” levels, thereby rendering transfer transistor arrays
34-1 0 34-1024 nonconductive. With the line SBL at “L”
level, connection of data latches PBk-1 to PBk-256 to bit
lines BLk-1 to BLk-256 is inhibited. The constant current
circuit 33 and tristate inverters 48 of FIG. 2b are in non-
conducting states with signals ¢, and ¢, at “L” levels.

Address inputting to external address input terminals is
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composed of row address a4 to 2, and column address a, to
a,. The row address a4 to a,, inputs to select one of memory
blocks and one of word lines during the data loading
operation $o a8 to write data on all bit lines into memory
cells at ope time, i.e., perform a page program in the
programming operation afier the completion of the data
loading operation. The column address a, to a, is address
signals having 256 cycles during the data loading operation.
The column decoder 30 of FIG. 2b responds to the column
address of 256 cycles based on the toggling of external write
enable signal to0 render transfer transistors T1 to T256
conductive in sequence. At the same time, input buffer 26
corresponding to the respective colurnn blocks sequentially
outputs data input to the corresponding input/output termi-
nal in response to the toggling of WE,. Thus, output data
from the respective input buffers 26 is stored in sequence
into data latches PBk-1 to PBk-256 via sequentially turned-
on transfer transistors T1 to T256 and corresponding transfer
transistors 49.

After the above-mentioned data loading cperation, the
programming operation is started. One characteristic feature
of the present embodiment is that the programming opera-
tion includes the NAND cell charging operation.

For the convenience of explanation on the programming
operation, it is assumed that data stored in the data latches
is to be written into memory transistors M, connected to a
word line WLA in the memory block BK1.

The programming operation is performed during the time
period between t, and t, as shown in FIG. 11. During this
period, p-well region 76, signals WE, PGM, ¢., ¢,, ¢, and
¢ and the line DCB stay at “L” levels while signals Xd,
BIK, DS, ERA and ¢, and the line SBL are all at “H” levels.
The clock ¢, the program voltage V,gm (=18 volts), the pass
voltage V,,, (=10 volts) and the program inhibition voltage
V¢ (=7 volts) are supplied during this period. On the other
hand, the row address a to a,,, which is inputted during the
above-mentioned data loading operation, is latched in the
address buffer (not shown). Address signais P1, Ql and R1
which are generated by predecoding address signals A,,,
Al 10 Ay, Ay of the latched address, are input to the
decoder 120 of FIG. 5. Address signals A4, Ag t0 Ayq,
Ao of the latched address input to the decoder 154 of FIG.
6.

At time t,, the control signal Xd goes to “H” level, and
address signals P1, Q! and Rl selecting the memory block
BK1 are input to the NAND gate 120 of FIG. 5. Thea, the
output of the gate 120 goes to “L" level, and outputs of
NAND gates 124 and 136 go to “H” levels. Thus, the first
selection gate ¥me SGL1-1 goes to a potential of S volts, and
the block selection control line BSC1 is boosted to the
program voitage V,__ of 18 volts by the pumping operation
of the charge pump circuit 128. On the other hand, the
second selection gate line SGL1-2 is boosted to the pass
voltage V,, of 10 volts by the pumping operation of the
charge pump circuit 152 with “H” level transferred via
transfer transistors 140, 142 and 150. Each decoder 120
associated with unselected memory blocks BK2 to BK1024
goes to “H” level, and the output of each NAND gate 124
corresponding thereto goes to “L” level. Thus, unselected
block selection control lines BSC2 to BSC1024 go to a
reference potential of 0 volts.

At time t,, the program control signal FGM goes to “L”
level and the common source line CSL, which is the output
line of the source line driving circuit 22 of FIG. 7, is boosted
to the program inhibition voltage V. That is, if PGM goes
to “L” level, the common source line CSL goes to the
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absolute value, for example 2 to 3 volts, of the threshold
voliage of D-type transistor 206 and is thereby boosted to the
program inhibition voltage V,, by means of the charge pump
circuit 208.

As previously mentioned, since address signals A,, A, to
Ao A selecting the word line WL4 were input to the
decoder 154 of FIG. 6 in the previous data loading operation,
the output of the decoder 154 associated with CGLA4 is at “L”
level, and the outputs of the decoders 154 associated with
unselected word lines WL1 to WL3 and WL5 to WL8 are at
“H" levels. Thus, the output of NAND gate 156 associated
with the selected word line WLA is at "H” level, and the
output of NAND gates 156 associated with the unselected
word lines are at “L” levels. At time t,, the clock ¢, is
generated. Then, NAND gate 178 and NOR gate 188 asso-
ciated with the selected word line WL4 respectively output
the clock ¢, and “L" level, thereby providing the program
voltage Vpgm on the selected control gate line CGL4. On
the contrary, NOR gates 188 associated with unselected
word lines output the clock ¢, thereby providing the pass
voltage V_,, on unselected control gate lines CGL1 to CGL3
and CGLS to CGLS.

At time t,, the line SBL goes to “H" level. Thus, transfer
transistors of FIG. 2b are all turned on so as to transfer data
stored in latches PBk-1 to PBk-256 to corresponding bit
lines BLk-1 to BLk-256. All memory transistors of the
selected memory block BK1 in the previous biock erase
mode were erased to “L” levels, i.e. logic “0” data. In the
data loading operation after a block erasing mode, latches
corresponding to memory transistors which are to write “H”
levels, i.c. logic “1” data were stored to “L” level, i.e. logic
“0" data while latches corresponding to memory transistors
which are to write logic “0" data were stored to logic “1”
data. For the convenience of explanation, assume that logic
“1" data is written into a memory transistor 240 which is
connected to the selected word line W4 and bit line BL1-2
of memory block BK1 in the first columm block CB1 of FIG.
2q while logic “0” data is written into the remaining memory
transistors connected to the word line WL4 thereof. Then,
the latch PB1-2 has aiready stored logic “0” data while the
remaining latches have already stored logic “1” data in the
data loading operation. Thus, after time t,, the conduction of
transfer transistors 44 causes the bit line BL1-2 to go to “L”
level and the remaining bit lines to go to “H” levels of 5
volts.

Consequently, during the time duration between t, and t,,
the transfer transistor array 34-1 of FIG. 2a is conducting,
and the first and second selection lines SL.1 and SL2 in the
selected memory block BK1 respectively maintain 5 volts
and V,, (=10 volts) while the selected word line WL4 and
unselected word lines WL1 to WL3 and WLS to WLS
maintain V,,, (=18 volts) and V,,,, respectively. During the
programming operation, since the common source line CSL
maintains the program inhibition voltage V,,, (=7 volts), the
second selection transistor ST2 and memory transistors M1
to M8 in the block BK1 are all turned on, and the first
selection transistor 242 connected to the bit line BL1-2 is
turned on while remaining first selection transistors exclud-
ing the transistor 242 in the block BK1 are turned off. Thus,
current paths of memory transistors in the NAND cell
including the memory transistor 240 are connected with the
bit line BL1-2, and channels of the memory transistors and
the respective junction capacitor of their sources and drains
are thereby discharged to a reference potential of 0 volts.
However, first selection transistors ST1 associated with
memory transistors which are to write logic “0” data are
turned off, and channels of memory transistors in the NAND
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cells associsted therewith and the respective junction capaci-
mofﬂmmmddmnsarcchmgedtothcpmgmm
inhibition voltage V,, (=7 volts). Thus, during the time
pcnodofabomlmpsecbetweentlandtz.aNANDceU
charging operation associated with memory transistors
which are programmed to logic “0” data is carried out.

Turning to FIG. 11, the time duration between t, and t,,
i.e. the period of about 2 msec is a period to orm
substantial programming. At time t,, the signal goes to
“H" level and, as can be seen in FIG. 8¢, ¢4 goes from “H”
level to “L” level while ¢, goes from “L” level to “H” level.
Thus, transistors 144 of FIG. § are tumned on, thereby
causing all of second gate lines SGLi-2 to be connected with
the reference potential. Thus, all of second selection tran-
sistors ST2 in the selected memory block BK1 are turned
off. Durmg this period, the program voltage V., of about
18 volts is applied on the word line WL4 in the selected
memory block BK1, and source, drain and channel of the
memory transistor 240 are applied to O volts. Thus, the
floating gate of the tramsistor 240 is accumulated with
electrons by the F-N tunneling, thereby causing the transis-
tor 240 to be changed into an enhancement mode transistor
having a threshold voltage of about 0.8 volts. However,
since junction capacitors of sources and drains of memory
transistors excepting the transistor 240 and their channels
are charged to the program inhibition voltage V,,, injection
of electrons into floating gates of these transistors is inhib-
ited and these transistors remain as depletion mode transis-
tors storing logic “0”" data That is, NAND cells associated
with memory cells which are programmed to logic “0” data
are blocked from connection to corresponding bit lines by
the above-mentioned NAND cell charging, thereby being
prevented from writing.

As discussed above, the voltage relationship of significant
portions during the NAND cell charging and the program-
ming operation can be summarized in the following TABLE
2

TABLE 2
Voltage States Voltage States
During NAND Cell During Programming
Charging Period Period
First Selection Line S5V sV
SL1 Of Selected
Memory Block
Unselected Word V=10V Ve =10V
Lines Of Selected
Memory Block
Scleced Word Line V=18V =18V
Of Selected Mem-
ory Block
Second Selection Vo =10V ov
Line SL2 Of Ssloct-
ed Memory Bledk
Common Sowres Vu=1V Vua=7V
Line CSL
Well Electrade ov ov

The time period between t, and t,, i.e. the period of 500
nsec, is a period to discharge the boosted voltage on the bit
lines and the word lines. At time t,, control signals WE and
PGM and the line DCB go to “H"" levels, and control signals
BIX and DS, voltages V., V,.,, and V,, and the line SBL
goto “L" levels of O volt.-. Thc clock ¢ stops pulsing to be
fixed at “H” level at the time t,. On the other hand, during
this period, ¢, maxmaim"H"lmland%and#,mmmn
“L” levels. Thus, the source line driving circuit 22 cutputs
the reference potential on the common source line CSL.
Control gate lines CGL1 to CGLS of FIG. 6 go to a potential
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of 0 volts, and block selection control lines BSCI1 to
BSC1024 of FIG. 5 go to a potential of § volts. This results
in causing all word lines to be discharged to the reference
Estumal At time t,, Xd goes to “L” level and BLK and

20 to “H” levels. Thus, during the time period between
t4 and ty, block selection control lines BSCi and first and
second selection gate lines SGLi-1 and SGLi-2 go to the
reference potential. On the other hand, since the line DCB
and the signal ¢, are at “H” levels during ths time period
between t, and t,, the boosted voltages on the bit lines are
discharged to the reference potential via trausistors 37. At
time t, the signal §, goes to “L" level.

Programming Verification Mode

The programming verification mode is performed imme-
diately after the programming mode. The programming
verification operation of the present invention is similar to
the reading operation as will be discussed later. The differ-
ence as compared with the reading operation is that the
voltage applied to a selected word line is a minimum
threshold voltage which is to be written into memory
transistors. This minimum threshold voltage will be referred
to as a programming verification voltage. It is assumed that
the programming verification voltage is 0.8 volts in the
present embodiment.

The programming verification operation is carried out
immediately after time ty in FIG. 11, and a timing chart of
the programming verification operation is of the time period
betweent,andt‘asshowninFIG.lZAltheiniﬁaﬁonof
the programming verification, i.e. at time t; of FIG. 11 or
time t, of FIG. 12, control signals Xd, ¢,and ¢, go to “H”
lcvelsandsxgnalsm.FVFandSUFandthehmDCB go to
“L” levels. Thus, during the programming verification
operation, control signals WE, PGM, SLE, Xd, BLK, D5,
ERA, ¢, and 04 and the clock ¢, maintain “H" levels, and
voltages V., and V,, lines SBL and DCB and control
signals ¢,, o, Pﬁ" and §UP maintain “L" levels.

It is now assumed that the programming verification
operation is performed to determine if a memory transistor
240 of FIG. 2a which was written to a Jogic “1” data in the
previous programming mode was programmed with a
desired minimum threshold voltage.

Where a command for executing a programming verifi-
aﬁonaﬁcrcompletionofprogmmnﬁngopmﬁonisinputm
EEPROM from the microprocessar via input/output terrmi-
nalsorothutemnnalsorwhatapmgmmnnng verification
operation is automatically carried out after a programming
operation, data stored into latches PBk-1 to PBk-256 in the
programming operation is succeeded without reset by the
programming verification operation. Thus, at the beginning
of the programming verification operation, the latch PB1-2
is storing logic “0" data and the remaining latches are storing
logic “1" data.

At time t, of FIG. 12, the control signal Xd goes to “H"
level and the decoder 120 of FIG. 5 then outputs “L" level
in response to address signals Pl, Ql and Rl designating the
memory block BK1. Then, since ¢4 and ¢, respectively
maintain “H" level and “L” level, first and second selection
lines SGL1-1 and SGL1-2 and the block selection control
line BSCI1 go to “H” levels of S volts.

At time t,, the control signal PVF goes to “L” level and
address signals Ay/A; to A, /A, designating the word line
‘WLA are fed to the decoder 154 of FIG. 6. Then, NAND gate
158 becomes of high impedance and the verifying voltage
generator 164 provides the verifying voltage of 0.8 volts on
the control gate line CGLA. However, each decoder 154
associated with unselected word lines WL1 to WL3 and
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WLS to WLS cutput “H" levels. Then, the verifying voltage
generator 164 becomes high impedance and NAND gate 158
outputs “H™ level. Thus, control gate lines CGL1 to CGL3
and OGLS w0 CGLS go to “H” level of 5 volts. On the other
hand, since PGM maintains “H" level at t,, the source line
driving circuit 22 of FIG. 7 provides the reference potential
on the common selection line CSL.

Consequently, the transfer transistor array 34-1 of FIG. 24
is conductive and the first and second selection lines SL1
and SL2 and unselected word lines WL1 to WL3 and WLS
10 WL8 go to the potentiaf of § volts while the selected word
line WLA goes to the potential of 0.8 volts. Thus, transistors
connected with the selection lines SL1 and SL2 and the
unselected word lines are turned on.

At time t,, the control signal ¢, goes to “H level, thereby
causing the constant current circuit 33 of FIG. 2b to be
enabled. Thus, the constant current transistors 54 supply
constant current of about 4 pA to bit lines via connecting
nodes 36 and transistors 40 and 38.

Assume that the programmed memory transistor 240 has
failed to program, i.e. the threshold voltage of the transistor
240 was below the program verifying voltage of 0.8 volts.
Then, the transistor 240 is turned on and the bit line BL1-2
connected thereto goes to the reference potential of § volts.
Since all transistors of NAND cells in the memory block
BK1 which are connected with bit lines excluding the bit
line BL1-2 are tumed on, the bit lines also go to the
reference potential. The period of time when word lines
WL1 o WL8 and bit lines are established to the predeter-
mined voltages in such a manner is a period of about 2 usec
between t, and t, of FIG. 12

The tme period between t, and t, of FIG. 12, ie. the
period of about 500 nsec, is for verification sensing. The
control signal ¢, goes to “H” level at time t,, and transistors
52 of FIG. 2b are thereby turned on. The transistor 50 whose
gate is connected with the bit line BL1-2 via transistors 38
and 40 is turned off by the reference potential on the bit line
BL1-2, thereby causing the latch PB1-2 to maintain logic
“0” data. Similarly, since other bit lines are also at the
reference potential, transistors 50 associated with these bit
lines are turned off and latches excepting the latch PB1-2
thereby maintain previously stored logic “1” data. Verifica-
tion sensing data stored in the latches PBk-1 to PBk-256 by
the above-mentioned verification sensing operation is con-
nected 1o gates of transistors 212 to 216 of FIG. 9a via
turmed-on inverters 48 and lines 70. Thus, the “L” level
verification sensing data stored in the latch PB1-2 is sup-
plied via corresponding inverter 48 to the gate of transistor
214 which constitutes NOR gate 234 of FIG. 9a associated
with the firt column block CB1, thereby rendering the
transistor 214 conductive and causing the line 210 to be
discharged w0 the reference potential. Consequently, since
the signal SPP goes to “L" level only when the programming
verification is checked, FP1 goes to “L” level. However,
since latches in other column blocks CB2 to CBS store “H”
levels, transistors 212 to 216 of NOR gate 234 correspond-
ing to each one of the blocks CB2 to CB8 are in noncon-
ductive states. Thus, each line 210 maintains “H” level by
means of pull-up transistors 218 and 220 and FP2 to FP8
thereby stay at “H" levels. Thus, the output line 232 of the
summation circuit 236 of FIG. 9b goes from “H" level to “L"
level. This represents that the memory transistor 240 was
undesirably programmed. That is, it is checked that the
threshold voltage of the memory transistor 240 did not reach
at a preset minimum threshold voltage. A program determi-
pation signal PDS on the line 232 is connected to a timing
circuit (not shown) which generates timing signals between
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t, and ts as shown in FIG. 11 50 as to perform & reprogram-
ming in response to the signal PDS being at “L" level. That
is, reprogramming operation is automatically performed. It
would be noted that the reprogramming operation of the
present embodiment may automarically be performed by the
internal circuit of the present EEPROM without request of
either reprogramming control or reloading of data from a
microprocessor. However, if necessary, the microprocessor
may control the reprogramming operation in response to the
signal PDS from one of the input/output terminals of the
present EEPROM chip.

Assuming that the memory transistor 240 reached the
desired threshold voltage of 0.8 volts by the reprogramming
operation, then the transistor 240 is in a nonconductive state
during the programming verification operation performed
after the reprogramming operation. Thus, the bit line BL1-2
is charged to the potential of about 2 to 3 volts by the
constant current supplied via the constant current transistor
54, thereby rendering conductive the transistor 50 connected
with the bit line BL1-2. Consequently, the verification
sensing data of latch PB1-2 is changed from logic “0” data
to logic “1” data. As previously discussed, other latches are
storing logic “1” verification sensing data. Thus, all of the
latches PBk-1 to PBk-256 store logic “1” verification sens-
ing data That is, if all memory transistors were well
programmed in the page programming operation, verifica-
tion sensing data stored in the latches is changed into logic
*“1”. Then, transistars 212 to 216 constituting NOR gates 234
of FIG. 9a are all tumned off, and signals FP1 to FP8 go to
“H” levels with the signal SFP at “L” level during the check
of programming verification. Consequently, the summation
circuit 236 of FIG. 9b outputs the program determination
signal PDS, which is at “H™ level. This represents that the
programming operation had successfully been performed.

Now assume that some of memory transistors pro-
grammed with logic “1"” had successfully been programmed
and the remainder had unsuccessfully been programmed.
Then, during the followed programming verification opera-
tion, latches corresponding to the former memory transistors
are changed so as to store logic “1” data, while latches
corresponding to the latter memory transistors maintain
logic “0” data. Since latches in the former case are storing
logic “1" data, their comresponding bit lines are charged to
the potential of 5 volts during the followed reprogramming
operation. However, in the same manner as the above-
mentioned programming operation, since, in the reprogram-
ming operation, a selected first selection line stays at S volts
and junctions of sources and drains of memory transistors
and their channels are charged to the program inhibition
voltage of 7 volts, first transistors connected with the
charged bit lines on the selected first selection line are in
nonconductive states. Thus, during the reprogramming
operation, the successfully programmed memory transistors
are prevented from programming by the charged program
inhibition voltages. However, in the case of the latter, i.e. the
unsuccessfully programmed memory transistors, since their
corresponding latches are storing logic “0" data, reprogram-
ming is performed only on them With such repeating
operations, if all memory transistors on a selected word line
which are programmed with logic “1" data was successfully
programmed, the program determination signal PDS outputs
“H" level during the above-mentioned programming verifi-
cation operation, and the reprogramming operation is ter-
minated. The present circuit used in the above-meationed
programming verification operation may also be applied to
EEPROMs with NOR-type memory arrays.

The programming verification techniques as discussed
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above have various advantages as follows. First, the pro-
gramming verification operation can automatically carried
out by the internal circuit without the control of an external
microprocessor. Second, since the data register is used as
data latches in & data loading mode, verification sensing
circuits in a programming verification mode and sense
amplifiers in a reading mode, as will be discussed herein-
below, simplification of peripheral circuits may be accom-
plished. Third, the threshold voltages of programmed
memory transistors may be tightly distributed within a
parrow range above a preset minimum threshold voltage,
and over-programming may be prevented The tight distri-
bution of threshold voltages can be accomplished by the
execution of the programming operation within a shorter
period, since successfully programmed memory transistors
are automatically inhibited from programming due to the
changed data of their corresponding latches.

Reading Mode

FIG. 12 illustrates a timing chart of the reading operation
according to the present embodiment.

The time period between t, and t, in the drawing is a
period to discharge word lines WL1 to WL8 and all bit lines
BLk-1 to BLk-256 to the reference potential and to reset so
that latches PBk-1 to PBk-256 stares logic “0” data. During
this period, the control signal ¢, and lines SBL and DCB
stay at “H” levels. Thus, bit lines BLk-1 to BLk-256 are
discharged to the reference potential via the transistor 37 of
FIG. 2b, and latches PBX-1 to PBk-256 are reset to logic “0”
data by the conduction of transistors 37 and 44. During the
time period between t; and t,, a timing chart of control
signals WE, PGM, SCE, Xd, BLX, DS and ERA, the clock
0r and and voltages V, . Vp,, and V,, is identical to the
timing chart between ty and t; shown in FIG. 11. Control
signals PVF and SUP keep “H” levels during operations
excepting the programming verification operation.

The time period between t, and ¢, is a period for sensing
data read out from memory cells and storing the sensing data
into latches PBk-1 to PBk-256. During the period, WE,
PFOM, SLE, Xd, BLK, DS, ERA, ¢,, ¢, and b, maintain “H”
levels, and Vo Voar Voo lines SBL and DCB, ¢, and ¢4
keep “L" levels.

An cxplanation will now be given, assuming that a
reading operation is performed from memory transistors
connected to the word line WL4 in the memary block BK1
which was page programmed in the above-mentioned pro-
gramming mode.

Opuaﬁonbetweent,andb,isperformedinasimilar
manner as the verification operation as discussed above.
Thus, an explanation will be given in brief. The block
selection cirewit of FIG. § associated with the selected
memory biagk BK1 makes first and second selection gate
lines SGL1-1 and SGL1-2 and the block selection control
lines BSC1 held at 5 volts in responsc to address signals Pl,
Q! and Rl addressing the block BK1. Since the control signal
PVE is at “H” level, the verifying voltage generator 164 of
FIG. 6 is in & high impedance state and the NAND gate 158
is being enabled. Thus, the control gate line CGLA corre-
sponding to the selected word line WLA is at the reference
potential of O volts in response to address signals AR 0
A,o/ALs designating the word line WLA. However, control
gate lines CGL1 to CGL3 and CGL5 to CGLS correspond-
ing to unselected word lines WL1 to WL3 and WLS to WLS
are at “H” levels of 5 volts. On the other hand, the source
line driving circuit 22 of FIG. 7 outputs the reference
potential on the common source line CSL. Consequently, the
transfer transistor array 34-1 of FIG. 2a is conductive, and

35

50

24
first and second selection lines SL1 and SL2 and unselected
word lines WL1 to WL3 and WLS5 to WL8 in the block BK1
are thereby at S volts while the selected word line WLA
therein is at O volts.

The control signal ¢, goes to “H" levels at time t,, thereby
causing the current source circuit 33 to be enabled. Thus, the
constant current transistors 54 supply the current of about 4
pA anto bit lines BLk-1 to BLk-256 via connecting nodes 36
and transistors 40 and 38. Since only the memory transistor
240 is programmed with logic “1”, the bit line BL1-2 is
charged to about 2 to 3 volts and the remaining bit lines
becomes O voits. At time t, of FIG. 12, the control signal §,
goes to “H” level, thereby rendering transistors 52 of FIG.
2b conductive. Then, only the transistor 50 associated with
the bit line BL1-2 is turned on, thereby making the latch
PB1-2 sense and store the logic “1”. However, remaining
latches continuously store logic “0" based on the previously
mentioned reset operation since transistors 50 are turned off.
That is, page reading is accomplished. Data stored in the
latches PBk-1 to PBk-256 is output to input/output terminals
/01 to 1/08 by a byte (8 bits) via inveriers 48, transfer
transistors T1 to T256 turned on in sequence in response to
column address of 256 cycles and toggles of WE,, and
output buffer 28.

Modified Embodiments

The EEPROM of the first embodiment explained in
connection with FIG. 1 to FIG. 12 comprises the memory
array including 1024 memory blocks each of which has
NAND cells arranged in the same rows, and a source line
driving circuit for generating the program inhibition voltage
prior to the programming or reprogramming operation in
order to charge it to the NAND ceils. However, it should be
noted that the present invention is not limited to such an
embodiment. For example, the memory array used in other
embodiments of the present invention may be comprised of
memory blocks having shared word lines as discussed
hereinafier. To charge the program inhibition voltage to
NAND cell, a capacitive coupling way from control gates
may be applied with no use of the source line driving circuit.
This modified embodiment is illustrated in FIG. 13 to FIG.
17.

FIG. 13 consists of FIG. 13a and FIG. 2b. FIG. 13a shows
2 memory array composed of memory blocks having shared
word lines, and FIG. 2b shows the aiready discussed periph-
eral circuit connected with the memory amay of FIG. 13a.

For simplification of the drawing, FIG. 13a shows only
the arrangement of memory cells and shared word lines
which are associated with the k-th column block in the i-th
memory block SBKi. However, it should be noted that a
memory array 10 having memory cells of 16 mega bits as
shown in FIG. 13a is arranged in the same manner as the
memory array of FIG. 2a excepting the shared word lines.

Referring to FIG. 13a, each of memory blocks SBKi (i=1,
2,3,...,512) is comprised of two submemory blocks, i.e.
an upper memory block or a first submemory block USBKi
and a lower memory block or 2 second submemory block
LSBKi. Bach of the upper and lower memory blocks USBKi
and LSBKi has the same configuration as each of memory
blocks of FIG. 2a. Word lines WL1 to WL8 in the upper
memory block USBKi are correspondingly connected with
word lines WL1 to WLS8 in the lower memory block LSBKi.
That is, the upper memory block USBKi shares the word
Jines WL1 to WLS8 with the lower memory block LSBKi.

The word lines WL1 to WL8 are respectively connected
to control gate lines CGL1 to CGL8 via current paths of
transfer transistors BT2 to BT9. A first upper selection line
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USL1 and a first lower selection line LSL1 are connected to
upper and lower selection gate lines USGLi and LSGLI via
current paths of transfer transistors BT1 aad BT1l, respec-
tively. Second upper and a second lower selection lines
USL2 and LSL2 are connected to upper and lower ground
selection lines UGSL and LGSL via current paths of transfer
transistors BT10 and BT12, respectively. Sources of second
upper and lower selection transistors UST2 and LST2 are
connected to a common source line CSL which is connected
to the reference potential, i.e., the ground. Drains of first
upper and lower selection transistors UST1 and LST1 are
respectively connected to corresponding bit lines.

The control gate lines CGL1 to CGLS are connected to the
control gate driving circuit 20 explained in connection with
FIG. 6. Upper and Lower sciection gate lines USGLi and
LSGLi are respectively connected to corresponding block
selection control circuits 318 of FIG. 14. Each of block
selection control circuits 318 serves to select one of upper
and lower memory blocks in a selected memory block
designated by address according to respective operation
modes. It should be noted that the block selection control
circuits 318 corresponding to the respective memory blocks
SBKi are provided on the substrate of on-chip EEPROM.
Thus, it would be appreciated that two memory blocks
substantially share one block selection control circuit since
each block selection control circuit controls one memory
block comprised of upper and lower memory blocks. This
results in relatively increasing the area of memory array on
the chip substrate of fixed size so as to increase the memory
storage capacity since the chip occupying area of the periph-
eral circuit is decreased.

The upper ground selection line UGSL and the lower
ground selection line LGSL are connected to a ground line
driving circuit 320 illustrated in FIG. 15. The ground line
driving circuit 320 is 2 circuit connected in common with
upper ground selection lines UGSL and lower ground selec-
tion lines LGSL. in memory block SBKi. The ground line
driving circuit 320 serves to provide proper voltages onto
the upper and lower ground selection lines UGSL and LGSL
according to the respective operation modes.

Referring to FIG. 14 showing the block selection control
circuit which controls the i-th memory block SBKi, a
decoder 322 receives address signals Pl, Ql and Rl and the
control signal Xd. The address signals P, Ql and R] are
signals predecoded by address signals A /A3 10 Ayy/As, of
row address signais A, ,/A|; 10 Ay A, from address buffer
(oot shown). The row address signal A,,/A;; is input to &
timing circuit (not shown) in order to generate control
signals A, ... Ayre Aurs Aqar Apyp Aqyy for selecting one of
either the upper memory block USBK or the lower memory
block LSBKi agcording to the respective operation modes.
Logic states of these control signals according to the respec-
tive operation modes are given in the following TABLE 3.

Wherein “H” “H" level of 5 volts and “L”
represents “L" level of 0 volts.
TABLE 3
Uppex Memocy Lower Mcmory
Block Selection Block Selection
A, =H Ay =L
Reading, Reading,
Eras- Programming Eras- Programming
ing And Programxning ing And Programming
Mode Verification Mode Mode Verification Mode
A H H H L
ﬂ: L L L H
L L H L L
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TABLE 3-continued
Upper Memary Lower Memory
Block Selection Block Selection
Ap=H A, =L
Reading, Reading,
Eras- Programming Eras- Programming
ing And Programming ing And Programming
Mode Verification Mode Mode Verification Mode
Ay L L L H
Ay L H L L
v H L H H

The output of the decoder 322 is connected to one input
terminal of NAND gate 324 and an input terminal of an
inverter 326. The other input terminal of NAND gate 324 is
comected to the erase control signal ERA. The output of the
NAND gate 324 is connected 1o the upper selection gate line
USGLi via a CMOS transfer gate 328, which consists of
n-channel transistor 350 and p-channel transistor 352, and
the current path of D-type transistor 330. Between a con-
necting node 358 and the reference potential is connected
the cument path of n-channel transistor 332. Gates of
N-channel transistors 350 and 332, p-channel transistor 352
and D-type transistor 330 are connected to control signals
A App AqL, and WE, respectively. The control signal
WE_, is at “L” level during the block erasing operation and
is at “H” level during remaining operations. The output of
the NAND gate 324 is also connected to the lower selection
gate line LSGLi via a CMOS transfer gate 334, which
consists of n-channel transistor 354 and p-channel transistor
356, and the current path of D-type transistor 336. The
current path of n-channel transistor 338 is connected
between a connecting node 360 and the reference potential.
Gates of n-channel transistors 354 and 338, p-channc] tran-
sistor 356 and D-type transistor 336 are connected to control
signals A}, A Ay, and WE,,, respectively. The output of
the inverter 326 is connected to the block selection control
line BSCi via current paths of D-type transistor 340 and
n-channel transistor 342, which are connected in parallel,
and the current path of D-type transistor 344. The gate of the
D-type transistar 340 is connected to the output of the
decoder 322, and gates of the n-channel transistor 342 and
the D-type transistor 344 are connected to the power supply
potential Vcc of 5 volts. Two input terminals of NOR gate
346 are connected to the clock ¢, and the output of the
decoder 322, respectively. Between the output of the NOR
gate 346 and the line BSCi is connected a charge pump

If address signals selecting the memory block SBKi input
to the block selection control circuit 318, the block selection
control line BSCi is at a potential of about 4.3 volts in
erasing, programming verification and reading modes, and is
at the program voltage V,,,, of 18 volts ina programming
mode. On the contrary, the block selection control line of
respective ones of block selection control circuits associated
with unselected memory blocks is at the reference potential
of 0 volts in all modes.

If the memory block SBKi is designated by the address
signal and the address signal A,, is at “H" level, the upper
selection gate line USGLI is at a potential of 5 volts in a
programming, a programming verification and a reading
modes, and the lower selection gate line LSGLI is at a
potential of 0 volts by conduction of the transistor 338 in
said modes. Similady, if the memory block SBKi is
addressed by the address signal and the address sigoal A,
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is at “L" level, the lower selection gate line LSGLiisata
potential of S volts in programming, programming verifica-
tion and reading modes, and the upper selection gate line
USGLi is at a potential of 0 volts by conduction of the
transistor 332 in said modes. On the other hand, upper and
lower selection gate lines USGLi and LSGLi are both in
floating states of about 2 to 3 voits in a block crasing mode.

Referring to FIG. 15, the ground line driving circuit 320
is comprised of inverters 362 to 374 and NOR gates 376 and
378. The driving circuit 320 outputs O volts onto upper and
lower ground selection lines UGSL and LGSL in a program-
ming mode. If the upper memory block is selected in reading
and pro; ing verification modes, the upper ground
selection line UGSL goes to “H” level of 5 volts, and the
lower ground selection line LGSL goes to “L” level of 0
volts. However, if the lower memory block is selected in
reading and programming verification modes, the lower
ground selection line LGSL goes to “H” level of 5 volts, and
the upper ground selection line UGSL goes to “L" levels of
0 volts. On the other hand, upper and lower ground selection
lines UGSL and LGSL go to “H" levels of 5 volts in a block
erasing mode.

Operations of the modified embodiment are almost the
same as those of the first embodiment, excepting operation
to select either upper or lower memory block and operation
to charge NAND cells by way of a capacitive coupling
technique in a programming operation. Thus, a brief expla-
nation of operation of the modified embodiment will be
given, referring to the accompanying timing charts.

FIG. 16 shows a timing chart of the block erasing mode.
In the drawing, the time period between t; and t, is for
discharging all word lines in the memory array 10 to the
reference potential of O volts. In this period, control gate
lines CGL1 to CGL8 are at the reference potential as
discussed in connection with FIG. 6. During this period,
BIK maintains “L” level, and the predecoder (not shown)
generates address signals Pl, QI and Rl being at “H” levels
in response to the signal BLK. Thus, the decoder of FIG. 14
outputs “L” level Consequently, block selection control
lines BSC1 to BSCS12 are all at the potential of about 4.3
volts, and transfer transistors BT2 to BT9 of transfer tran-
sistor arrays 34-1 to 34-512 of FIG. 13a are all turned on,
thereby grounding all word lines.

The time period between t, and t, of FIG. 16 is for erasing
a selected memory block. During the period, control gate
lines CGL1 10 CGLS8 remain the reference potential identical
to the case between t, to t,. The block selection control
circuit 318 of FIG. 14 associated with the selected memory
block outputs the potential of shout 4.3 volts onto a selected
block selection control line. however, the block selection
control circaits associated with unselected memory blocks
output the mfitrence potential oato unselected block selec-
tion control Moes. Thus, word lines of upper and lower
memory blocks in the selected memory block at time t, are
all at the reference potential, and all of word lines in
unselected memory block are in floating states. However,
since the erase voltage V,,, of 20 volts is applied to the well
electrode 114 of FIG. 4 at time t,, all word lines in the
unselected memory blocks are capacitively coupled to about
20 volts, and data of memory transistors in the unselected
memory blocks is not ecrased. However, during the time
period between t, and t,, every memory transistor in the
selected memory block is changed into a D-type transistor
having a threshold voliage of about —2 to =3 volts by the
erase voltage which is applied between its channel and
control gate. That is, logic “0” data is stored.

On the other hand, during the block erasing period
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between t, and t,, since the selected block selection control
line is at the potential of about 4.3 volts, and upper and lower
selection gate lines USGLi and LSGLI are at about 2 to 3
volts, and upper and lower ground selection lines UGSL and
LGSL are at 5 volts, the first upper and lower selection lines
USL1 and LSL1 associated with the sclected memory block
are at about 2 to 3 volts and the second upper and lower
selection lines USL2 and LSL2 associated with the selected
memory block are in floating states. Thus, when any one of
the second upper and lower transistors connected with the
second upper and lower selection lines fails, the flow of
leakage current is prevented via the second upper and lower
selection lines USL2 and LSL2 from the well electrode 114.
During the block erasing operation, the voltage relationship
of significant portions may be summarized in the following
TABLE 4.

TABLE 4
Selected Memory  Unselected Memory
Black Block
First And Lower A Floating
Selection Lines USL1 23V
And 1SL1
Word Lines WL1 to ov Approximately 20 V
wL8
Secand Upper And Floating Floating
Lower Sclection Lines
USL2 And LSL2
‘Well Electrode 0V 0V
The time period between t; and ¢, of FIG. 16 is for

discharging word lines in unselected memory blocks to the
reference potential. During this period, control gate lines
CGL1 to CGLS maintain the reference potential by the
control signal DS as previously discussed in connection with
FIG. 6. The control signal BLK maintains all block selection
control lines BSC1 to BSC512 to about 4.3 volts, thereby
causing all word lines to be discharged to the reference
potential. Upper and lower gate lines UGLi and LSGLi are
also maintained to the reference potential by Xd. On the
other hand, the line DCB being at “H" level causes bit lines
to be discharged to the reference potential.

FIG. 17 shows a timing chart of the programming mode
of the modified embodiment. Referring to FIG. 17, the data
loading operation is performed prior to time t,. The data
loading operation is performed in the same mammer as that of
the first embodiment as discussed in connection with FIG.
2b. The time period between t, and t, is for writing data into
selected memory transistors. As discussed in the data load-
ing operation of the first embodiment, bit lines correspond-
ing to memory transistors into which logic “1” data is
written are at “L" level of 0 volts while bit lines correspond-
ing to memory transistors into which logic “0" data is
written are at “H” levels of 5 volts. After the time t,, the
selected control gate line goes to the program voltage V.,
of 18 volts, and unselected control gate lines go to the pass
voltage V,,,,, of 10 voits as previously discussed in connec-
tion with FIG. 6. It is now assumed thar the fourth control
gate line CGLA was designated by address signals. Then, the
control gate line CGLA goes to the program voltage V., of
18 volts and control gate lines CGL1 to CGL3 and CGLS to
CGLS go to the pass voltage V,,, of 10 voiis. It is also
assumed that the third memory block was designated by
address signal and the address signal A, was “H” level.
Then, the decoder 322 of FIG. 14 outputs “L” level and the
block selection control line BSC3 goes to the program
voltage V,,, of 18 volts after the time t,. At this time, the
upper selection gate line USGL3 goes to the potential of 5
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volts and the lower selection gate line LSGL3 goes to the
reference potential. Thus, the transfer transistor array 34-3
of FIG. 13q is turned on. On the other hand, the ground line
driving circuit 320 of FIG. 15 provides the reference poten-
tial onto the lines UGSL and LGSL during the programming
period. Thus, the second upper and lower selection transis-
tors UST2 and LST2 in the upper and lower memory blocks
USBK3 and LSBK3 are all nonconductive. The first lower
selection line LSL1 in the lower memory block LSBK3 also
goes to the reference voltage via the transfer transistor BT11,
thereby causing the first lower selection transistors LST1 to
be turned off. However, the first upper selection line USL1
in the upper memory block USBK3 goes to “H” level of 5
volts via the transfer transistor BT1. During the above-
mentioned programming operation, the voltage relationship
of significant portions may be summarized in the following
TABLE 5.

TABLE §
Selected Memory Block

Selected Upper Unselected Lower

Memory Block Memory Block
Selected First Upper 5V _
Selected Line USL1
Unselected First Lower — oV
Selected Line LSL1
Selected Word Line Viam=18v Vogmaisv
Unselected Word Line Vo =10v Veuntov
Selected Second Upper oV -
Unselected Second Lower -— oV
Selection Line LSL2
Well Electrode ov ov

Thus, during the programming operation, the high voltage
applied onto word lines WL1 to WLS8 causes the NAND cell
charging of upper and lower memory blocks USBK3 and
LSBK3. Thus, since the first upper selection line USL1 is at
the potential of 5 volts, and bit lines associated with memory
transistors into which logic “0” data is written are at 5 volts
while bit lines associated with memory transistors into
which logic *1” data is written are at the reference potential
of O volts, first upper selection transistors in the upper
memory block USBK3 which are connected with the latter
memory transistors are turned on, and first upper selection
transistors in the memory block USBK3 which are con-
nected with the former memory transistors are tumed off.
Thus, sources, drains and channels of memory transistors in
NAND celis associated with the former memory transistors
20 to the reference potential, and NAND cells associated
with the latter memory transistors are charged to a high
voltage. Comsagpently, during the programming period,
floating gates of the former memory transistors connected
with the upper word line WL4 accumulate electrons by way
of the F-N tmneling, thereby changing into enhancement
transistors having & threshold voltage of about 0.8 volts.
That is, logic “1” data is stored. However, since channels of
the latter memory transistors and junction capacitors of their
sources and drains are charged with a high voltage, the
programming of these memory transistors is prevented.

In the same manner, the first lower selection line LSL1
and the second lower selection line LSL2 in the unselected
lower memory block LSBK23 are at the reference potential,
and the first and the second lower selection transistors LST1
and LST2 which are respectively connected to the lines
LSL1 and LSL2 are thereby turned off. Thus, channels of
memory transistors of NAND cells in the lower memory
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block LSBK3 and junction capacitors of their sources and
drains are charged with a high voltage so as to prevent
programming.

At the time t,, the programming operation is terminated
and the clock §, stops clocking. Thus, the charge pump
circuit 348 is disabled and BSC3 thereby falls to the poten-
tial of 5 volts. During the time period between t, and t,, the
control signal DS at “L" level causes control gate lines
CGL1 to CGLS to be grounded. Thus, word lines in the
memory block SBK3 are discharged to the reference poten-
tial. During the time period between t; and t,, block selec-
tion control lines BSCI to BSC512 and upper selection gate
lines USGL1 to USGLS512 are discharged to the reference
potential.

The programming verification operation may be per-
formed from the time t, of FIG. 17. The programming
verification operation is similar to that of the first embodi-
ment. The difference as compared with the first embodiment
is in that the preseat embodiment has the block selection
control circuit for selecting one of either the upper or lower
memory block in a selected memory block. If the upper
memory block USBKi in a selected memory block is
selected by means of the block selection control circuit of
FIG. 14 in the programming verification operation, a
selected block selection control line BSCi goes to the
poteatial of about 4.3 volts, and the upper selection gate line
USGLI goes to the potential of 5 volts. Then, the ground line
driving circuit 320 of FIG. 15 outputs “H” level of 5 volts
onto the upper selection gate line UGSL and “L” level of 0
volts onto the lower selection gate line LGSL. As discussed
in connection with the first embodiment with reference to
FIG. 6, in the programming verification operation, a selected
control gate line is at the program verifying voltage of 0.8
volts and unselected control gate lines are at the potential of
5 volts. Thus, the line BSG of about 4.3 volts connected to
the transfer transistor array 34-i of FIG. 13 goes to the
potential of about 7 volts since the potential of 5 volts on the
unselected control gate lines is transferred from drains of
transfer transistors to their gates by way of capacitive
coupling. This operation is also identical in a reading
operation. Consequently, a selected word line in the upper
memory block USBKIi goes to the verifying voltage of 0.8
volts and unselected word lines go to the potential of 5 volts.
The first and second upper selection lines USL1 and USL2
also go to the potential of 5 volts. Thus, second selection
transistors UST2 in the block USBKI are tumed oo, thereby
connecting NAND cells in the block USBKi to the grounded
common source line CSL. However, the first and second
lower selection lines LSL1 and LSL2 in the lower memory
block LSBKi are at the reference potential and the block
LSBKi are at the reference potential and the block LSBKi
are at the reference potential and the block LSBKi is thereby
unselected. The following programming verification and
reprogramming operations are the same as operations
explained in the first embodiment in connection with the
timing chart during the time period between t, and t, of FIG.
12.

In the modified embodiment, programming and repro-
gramming techniques do not need a program inhibition
voltage generator connected with the respective bit lines to
inhibit programming of logic “0” programmed cells and
reprogramming of successfully logic “1” programmed cells.
Thus, the simplification of a peripheral circuit and the
reduction of on-chip area can be accomplished. Otherwise,
since the program inhibition voltage is automatically gen-
crated by the capacitive coupling technique during the
programming and reprogramming operations, the program-
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ming and reprogramming operations may be executed at a
high speed. Thus, since the present embodiment empioys a
self-program inhibition technique, the above-mentioned
advantages may be accomplished.

In the reading operation of the modified embodimeat, 2§
selected word line of O volts is used instead of the selected
word line of 0.8 volts in the above-mentioned programming
verification operation. Operation to select memory transis-
tors in the reading operation is the same as that in the
programming verification operation. Page reading, page )9
read-out sensing and the output from data output terminals
are also the same as operations explained in the first embodi-
ment in connection with FIG. 12.

Thus, EEPROMs of embodiments of the present inven-
tion as described above can be designed so as to have
capabilities and reliability of improved programming, block
erasing and programming verification. The peripheral cir-
cuits associated with a reading and a programming verifi-
cation according to embodiments of the invention can also
be used in a nonvolatile semiconductor memory with a

NOR-type memory array. »
What is claimed is:
1. A nonvolatile semiconductor memory comprising:
a semiconductor substrate having a well region;
a multiplicity of memory transistors formed in said well 25

region and arranged in a mawix form of rows and
colurns, said memory transistors being configured into
a plurality of cell units each comprised of a plurality of
said memory transistors connected in series, each of
said memory transistors having source and drain
regions formed in said well region of said substrate and
separated by a channel region, a floating gate formed
over said channel region to store charge representing
binary data, and a control gate formed over said floating
gate;

a plurality of word lines each of which is connected to
said control gates of respective ones of said memory
transistors in a corresponding row;

bit lines generally intersecting said word lines;

a plurality of pairs of first selection lines and second
selection lines arranged generally in parallel with said
word lines, with said first and second selection lines of
cach pair thereof being disposed above and below,
respectively, uppermost and lowermost word lines of a
carresponding memory block comprised of a predeter-
mined number of said cell units;

a plurality of first selection transistors associated with
cach said memory block, said first selection transistors
of cach seid memory block being connected between 2
first electwrade of respective memory transistors of an

row of said memory block and correspond-
ing omes of sxid bit lines, with a corresponding one of
said first selection lines associated with said memory
block being coupled to a gate electrode of respective
ones of said first selection transistors associated with
said memory block;

a plurality of second selection transistors associated with
each said memory block, said second selection transis-
tors of cach said memory block being connected
between a first electrode of respective memory transis-
tors of a lowermost row of said memory block and said
corresponding ones of said bit lines, with a correspond-
ing one of said second selection lines associated with
said memory block being coupled to a gate electrode of 65
respective ones of said second selection transistors
associated with said memory block;
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a common source line coupled between respective elec-
trodes of said first selection transistors and said second
selection transistors associated with adjacent ones of
said memory blocks, respectively;

a data register connected to said bit lines for providing
binary data to said bit lines, said register providing
logic high level voltages to bit lines associated with
memory transistors prograromed to first binary data,
while providing reference voltages to bit lines associ-
ated with memory transistors programmed to second
binary data; and

control means connected to said word lines and said first
and second selection lines for applying a program
voltage to a selected one of said word lines of a selected
memory block and pass voltages to remaining, unse-
lected word lines of said selected memory block, and
for applying a logic high level voltage to said first
selection line associated with said selected memory
block and rendering nonconductive said second selec-
tion transistors associated therewith, whereby channe!
regions and source and drain junctions of memory
transistors in said selected memory block are capaci-
tively charged to program inhibition voltages.

2. A method for programming a cell unit in an electrically
erasable programmable read only memory, said cell unit
being formed on a surface of a semiconductor substrate and
having a plurality of memory transistors connected in series,
each said memory transistor having source and drain regions
formed in said substrate and separated by a channel region,
a floating gate formed over said channel region to store first
binary data, and a control gate formed over said floating
gate, said method comprising the steps of:

charging said channel region and source and drain junc-
tions of each of said memory transistors to a program
inhibition voltage;

maintaining said program inhibition voltage when a
selected memory transistor is not programmed to sec-
ond binary data, while discharging said program inhi-
bition voltage to a low potential when said selected
memory transistor is programmed to said second binary
data; and

applying 2 program voltage to said control gate of said
selected memory transistor.

3. A method for programming a cell unit in a semicon-
ductor memory, said cell unit being formed on a surface of
a semiconductor substrate and baving a plurality of memory
transistors connecting in series, each said memory transistor
having source and drain regions formed in said substrate and
separated by a channel region, a floating gate formed over
said channel region to store first binary data, and a control
gate formed over said ficating gate, said method comprising
the steps of:

applying a first high voltage to said control gate of a
selected one of said memory transistors and a second
high voltage lower than said first high voltage to said
control gates of remaining, unselected ones of said
memory transistors, whereby said channel region and
source and drain junctions of said memory transistors
of said unit are capacitively charged to a uniform
predetermined charged voltage; and

discharging said charged voltage when said selected
memory transistor is programmed to second binary data
while maintaining said charged voltage when said
selected memory transistor is not programmed to said
second binary data.

" 4. A method for programming a nonvolatile semiconduc-
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tor memory which comprises a mulitplicity of memory
transistors formed in a semiconductor substrate and arranged
in a matrix of rows and columns, said memory transistors
being configured into a plurality of cell units each comprised
of a plurality of said memory transistors connected in series,
each of said memory transistors having source and drain
regions formed in said substrate and separated by a channel
region, a floating gate formed over said channel region to
store first and second binary data, and a control gate formed
over said floating gate, a plurality of word lines each of
which is connected to said control gates of respective ones
of said memory transistors in a corresponding row; bit lines
generally intersecting said word lines; a plurality of pairs of
first selection lines and second selection lines arranged
generally in paralle]l with said word lines, with said first and
second selection lines of each pair thereof being disposed
above and below, respectively, uppermost and lowermost
word lines of a corresponding memory block comprised of
a predetermined number of said cell units; a plurality of first
selection transistors associated with each said memory
block, said first selection transistors of each said memory
block being connected between a first electrode of respective
memory transistors of an uppermost row of said memory
block and corresponding ones of said bit lines, with a
corresponding one of said first selection lines associated
with said memory block being coupled to a gate electrode of
respective ones of said first selection transistors associated
with said memory block; a plurality of second selection
transistors associated with each said memory block, said
second selection transistors of each said memory block
being connected between a first electrode of respective
memory transistors of a lowermost row of said memory
block and said corresponding ones of said bit lines, with a
corresponding one of said second selection lines associated
with said memory block being coupled to a gate electrode of
respective ones of said second selection transistors associ-
ated with said memory block; a common source line coupled
between respective electrodes of said first selection transis-
tors and said second selection transistors associated with
adjacent ones of said memory blocks, respectively, said
method comprising the steps of:
applying a program voltage to a selected word line of a
sclected memory block and a pass voltage lower than
said program voltage to remaining, unselected word
lines of said selected memory block, while applying a
logic high level voltage lower than said pass voltage to
said gate electrodes of said first selection transistors
associated with said selected memory block and ren-
dering nonconductive said selection transistors associ-
ated with said selected memory block, said logic high
level voltage corresponding to a logic high state; and
applying a Jogic low level voltage corresponding to a
logic low state to respective ones of said bit lines
associated with selected ones of said memory transis-
tors being programmed from said first binary data to
said second binary data, while applying said logic high
level voltage to respective ones of said bit lines asso-
ciated with unselected ones of said memory transistors
not being programmed, whereby channel regions and
source and drain junctions of said unselected memory
transistors are capacitively charged to a voltage level
between said logic high level voltage and said program
voltage so as to prevent programming of said unse-
lected memory transistors.
5. A semiconductor memory, comprising:
a memory cell array including a multiplicity of cell units
arranged in a matrix form having rows and columns,
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first and second selection lines, row lines and column
lines;

wherein each of said cell units includes a plurality of
memory transistors connected in series between a first
:erminal and a second terminal, a first selection tran-
sistor connected between said first terminal and a
corresponding one of said column lines and a second
selection transistor connected between said second
terminal and a common source line;

wherein a plurality of memory blocks arc defined by
respective rows of said cell units;

wherein each of said memory transistors includes source
and drain regions formed in a semiconductor substrate
and separated by a chanael region in said substrate, a
floating gate formed over said channel region for
electrically storing first and second data, and a control
gate formed over said floating gate, said control gates
of said memory transistors in each of said rows being
commonly connected to a comresponding one of said
row lines;

wherein each of said first and second selection transistors
has a gate, said gates of said first selection transistors
in each of said memory blocks being commonly con-
nected to a corresponding one of said first selection
lines, and said gates of said second selection transistors
in each of said memory blocks being commonly con-
nected to a corresponding one of said second selection
lines;

data latch means conmected to said column lines for
storing said first and second data, and for providing a
first potential corresponding to said first data to a first
set of said column lines, to thereby render nonconduc-
tive said first selection transistors connected to said first
set of said column lines, and for providing a second
potential corresponding to said second data to a second
set of said column lines, to thereby render conductive
said first selection transistors connected to said second
set of said column lines; and,

decoding means for selecting one of said memory blocks
and one of said row lines in said selected memory
block, for applying a program potential to said selected
row line and a pass potential lower than said program
potential to remaining, unselected ones of said row
lines in said selected memory block, and for applying
a third potential to said first selection line in said
selected memory block, and a nonconduction signal to
said second selection line in said selected memory
block, whereby all of said second selection transistors
in said selected memory block are rendered noncon-
ductive, said memory transistors on said selected row
line associated with said first set of column lines are
prevented from being programmed by virtue of uni-
form, capacitive charging of their source and drain
junctions to a program inhibition potential due to
nonconduction of said first selection transistors asso-
ciated with said first set of column lines, while source
and drain junctions of said memory transistors in said
selected memory block associated with said second set
of column lines are discharged to said second potential
so as to be programmed by a potential difference
between said second potential and said program poten-
tial.

6. The semiconductor memory as set forth in claim 5,

wherein said first potential is a power supply potential and

65 said second potential is a ground potential.
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(57 ABSTRACT

An EEPROM device in which a high voltage is applied to
the chip during the memory cell operatica and a method for
the manufacturing the same are disclosed. On a P-type
semiconductor substrate, & first N-well is formed in a surface
portion of the substrate in the cell array region and a second
N-well is formed in a first surface of the substrate in the
peripheral circuit region. An EEPROM memory cell is
formed on the first P-well and a first NMOS transistor is
formed on the second P-well. Also, a second NMOS tran-
sistor is formed on 2 second surface portion of the semi-
conductor substrate in the peripheral circuit 10 region and a
PMOS transistor is formed on the second N-well. The
impurity concentrations of the first and second P-wells are
controlled in accordance with the characteristic of the MOS
transistors to be formed. Further, a second NMOS transistor
having a resistance against a high voltage is directly formed
on the P-type substrate. Thus, the electric characteristic of
the EEPROM device is enhanced.

9 Claims, 11 Drawing Sheets
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1
NON-VOLATILE SEMICONDUCTODR
MEMORY DEVICE AND METHOD F€OR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTIONN

The present invention relates 0 an electricallyly erasable
and programmable read only memory (EEPROM)I) davice as
a non-volatile semicoaductor memory device andd a method
for manufacturing the same, and, more particulalarly, to an
EEPROM device in which a high voltage is applolied to the
chip during memory cell operation and a methaod for the
manufacturing the same.

Along with the progress of computer systems, thhe need for
large-capacity non-volatile memories adaptablee to high-
speed operation, such as memory cards, has i increased.
Among these non-volatile memories, there hasis been an
increased need for EEPROMs comprised of a flooating gate
and a control gate and which can electrically « erase and
program data. Therefore, a variety of cell struuctures for
EEPROMs have been suggested for providing hisigher inte-
gration density, larger capacity and faster performmance.

A NAND-structured memory cell has been dev:veloped in
order to achieve cell area reduction without streressing the
fabrication technology. An advanced NAND structtured flash
EEPROM has been suggested (see “A 2.3 um? Mexemory Cell
Structure For NAND EEPROMs” by R. Shirota et 1 al. IEDM,
1990, pp 103-106).

FIG.1 is a sectional view illustrating the aboveve NAND-
structured EEPROM which is manufactured ass follows.
First, a first P-well 2 (in a cell array region) andd a second
P-well 3 (in a peripheral circuit region) are formmed in the
upper portion of an N-type semiconductor substratete 1. Then,
a cell aray comprised of an EEPROM is formeied on first
P.well 2, an NMOS transistor of the peripheral d circuit is
formed on a portion of second P-well 3, and an N-d-well 4 on
which a PMOS transistor of the peripheral circuiiit is to be
formed, is formed in a portion of second P-well 33. In order
to manufacture the sbove EEPROM, ions are i implanted
three times for forming three impurity-doped reregions {or
bulks): one for forming first P-well 2 on which the ¢ cell array
is to be formed, one for forming second P-well 3 3 on which
the NMOS transistor of the peripheral circuit is foormed, and
oae for forming N-well 4 oa which PMOS transisistor of the
peripheral circuit is formed.

FIG. 2 shows a partion of an equivaleat circuit ddiagram of
an EEPROM device using the aforementioned comaventional
EEPROM cell and an erase and write (or programm) opera-
tion. The pregeam operation of a selected cell, is c:carried out
by charging electrons into the floating gate and riraising the
cell's threghold voltage. This is accomplished byy applying
0.3 V to a selected bit tine BL(1) of the cell arrapy and 7 V
to an unselected bit line BL(2) of the cell array as & & program
preventing voltage, and applying 10 V to the uunselected
control gate and 13 V to the selected contro] gatate, respec-
tively. The 18V applied to the selected cell's contrerol gates is
coupled so that about 10'V is induced at the ficatinpg gate and
0.3 V is transferred to the selected cell's channelel. Thea, a
nearly 10 MeV field applied between the oppositéte sides of
a nearly 100 A-thick tunnel oxide layer whisich exists
betweea the channel and floating gate, causes thie floating
gate electrode to be charged with electrons by thee Fowler-
Nordheim (F-N) tunnelling effect. Thus, a datum i is written
into the selected memory cell.

Conversely, the erase operation, which is carrided out by
discharging the electrons within the floating gate = electrode

s
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to thereby lower the threshold voltage of the cell, is accom-
plished by applying 20 V to the P-well 2 on which the cell
array is formed, opening the bit-line and source-line, and
grounding the control gate. Thereby, the electrons within the
floating gate are discharged by the field between the ends of
the tunnel oxide layer. Here, in order to protect the transistor
of the peripheral circuit which operates at +5 V (Vcce) from
the approximately 20 V applied to the P-well 2 of the cell
array during the erase operation, transistors are formed on
another P-well 3 which is electrically isoiated and indepen-
dent of the P-well 2 of the cell array.

Amdopaadonispezfcrmedaooordingtnthedaxa
determination. The data is determined by the bit-line current
path fuctuating between “on™ and “off” states according to
the positive or negative value of the threshold voltage of the
selected cells.

For manufacturing the above conventional NAND
EEPROM device, a photolithography process for forming
the well structures is performed twice: First, that is, for
forming a first P-well 2 on which a cell aray is to be formed
and 2 second P-well 3 on which the NMOS transistor of the
peripheral circuit is to be formed; Second for forming an
N-well 4 which is located within the second P-well 3, on
which the PMOS transistor of the peripheral circuit is to be
formed on the N-type semiconductor substrate 1.

However, the conventional NAND EEPROM device as
described above exhibits certain drawbacks. First, since the
N-type substrate 1 is applied with a high voltage concur-
rently with the erase operation which applies 20 V to the
P-well 2 on which the cell array exists, transistors cannot be
formed directly on the N-type substrate 1. Also, since the
transistors of the peripheral circuit are formed on a P-well 3
and an N-well 4 within this P-well 3, the bulk resistance is
increased. Accordingly, latchup and other delitorious elec-

SUMMARY OF THE INVENTION

For solving the above-mentioned problems, an object of
the present invention is to provide a non-volatile memory
device which can be manufactured by independently con-
trolling the bulk regions used in the cell array and peripberal

ircuit regions t ¢

Another object of the present inveation is to provide a
suitable method for mannfacturing a non-volatile memory
device.

To sccomplish the aforementioned objects, the present
invention provides 2 semiconductor memory device com-
prising: a semiconductor substrate of a first conductivity
type which is divided into a cell array region and a periph-
eral circuit region; a first impurity-doped region of the first
conductivity type formed in the surface portion of the
semiconductor substrate in the cell armay region; a second
impurity-doped regian of a second conductivity type formed
in the surface portion of the semiconductor substrate in the
cell array region, the second impurity-doped region enclos-
ing the first impurity-doped region; and a memory cell
comprised of a fourth source region and a fourth drain region
formed on the surface portion of the first impurity-doped
region and of a floating electrode formed on the first
impurity-doped region and a control electrode formed on the
floating electrode. In the peripheral circuit region, the semi-
conductor memory device may further comprise a third
impurity-doped region of the first conductivity type formed
in & first surface portion of the semiconductor substrate in
the peripheral circuit region; a first MOS transistor com-
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prised of 2 first gate electrode formed on the thirird impurity-
doped region and first source and drzin regionsis formed in
surface partions of the third impurity-doped regicion; a second
MOS transistor comprised of second sourcee and drain
regions formed in a second surface portion of tithe semicon-
ductor substrate in the peripheral circuit region amnd a second
gate clectrode formed on the semiconductor s substrate; a
fourth impurity-doped region of the second ciconductivity
type formed in a third surface portion of the semmiconductor
substrate in the peripheral circuit region; a 1 third MOS
transistor comprised of third source and drarain regions
formed in surface portions of the fourth impepurity-doped
region and a third gate electrode formed oni the fourth
impurity-doped region.

In order to achieve another object, the preserent invention
provides a method for manufacturing a semmiconductor
memory device comprising the steps of: provididing a semi-
conductor substrate of a first conductivity type d defined into
a cell array region and a peripheral circuit regicion; forming
a second impurity-doped region of a second cconductivity
type in a surface portion of the semiconductor £ substrate in
the cell array region; forming a first impurity-ddoped region
of the first conductivity type enclosed by the firerst impurity-
doped region; and forming 2 memory device « on the first
impurity-doped region. The memory device is s formed by
forming a first conductive layer pattern on the firerst impurity-
doped region, forming an insulating layer pattersrn covering
the first conductive layer pattem, forming a seco:ond conduc-
tivclzyapanemontheinsnhﬁngpanem.paﬂnuning&n
second conductive layer pattern, the insulating lalayer pattern
and the first conductive layer pattern sequentialiyty, to thereby
form 2 control gate electrode and a floating gatate electrode,
and implanting an impurity into the first imprpurity-doped
region (o thereby form a source region and a draiain region of
the memory device.

In accordance with one embodiment of the preresent inven-
tion, in the peripberal circuit region, a third impypurity-doped
region of the first conductivity type in a first surfrface portion
of the semiconductor substrate in the periphberal circuit
region may be formed, and a fourth impurity-ddoped region
ofthcsecondcoudwdvitytypeinnhirdunfwcponionof
lhcseuﬁcondumsubsminthepaiphenldmuﬁtmybe
formed.

The second and fourth impurity-doped regioons are pref-
crably formed by forming a first oxide layer oon the semi-
conductor substrate, forming an antioxidative lilayer on the
first oxide layer, forming a photoresist pattern ¢ on the anti-
oxidative layer which exposes portions of the anmti-oxidative
layer where the second and fourth impurity-dopped regions
are 10 be formed etching the exposed portions ¢ of the anti-
oxidative lmyer, and implanting a second conduactivity type
impurity im0 surface portions of the semiconaductor sub-
strate via the etched portion of the anti-oxidativive layer.

The firmt and third impurity-doped regions mayy be formed
by forming a first oxide layer and an anti-oxidatitive layer on
the semiconductor substrate excluding a portionn where the
second impurity-doped region is formed, formiring a second
oxide layer on the second impurity-doped regionm, forming a
photoresist pattem exposing a portion of the seiecond oxide
layer where the first impurity-doped region {s too be formed
and a portion of the anti-oxidative layer whersre the third
impurity-doped region is to be formed, and then n implanting
s first conductivity type impurity into the semmiconductor
substrate.

According 10 one embodimeat of the presenmnt inveation,
the first conductivity type impurity is firstly impplanted at a
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first acceleration energy such that the first conductivity type
impurity peactrates the second oxide layer and the anti-
oxidative layer, and secondly implanted at a second accel-
eration energy such that the first conductivity type impurity
penetrates the anti-oxidative layer but not the second oxide
layer.

According to another embodiment of the preseat inven-
tioo, the sccond oxide layer is etched using the photoresist
pattem as an eiching mask to thereby expose a surface
portion of the semiconductor substrate where the first impu-
rity-doped region is to be formed. The first conductivity type
impurity is firstly implanted at a first acceleration energy
such that the first conductivity type impurity does not
penetrate the anti-oxidative Jayer, and secondly implanted at
a second acceleration energy such that the first conductivity
type impurity penetrates the anti-oxidative layer.

According to stll another embodiment of the present
inventio, the first conductivity type impurity is firstly
implanted at a first acceleration energy such that the first
conductivity type impurity penetrates (he anti-oxidative
layer but not the second oxide layer, the second oxide layer
is etched using the photaresist pattern as an etching mask to
thereby expose a surface portion of the semiconductor
substrate where the first impurity-doped region is to be
formed, and then the first conductivity type impurity is
mondlyimplanwdnuecondaccclmﬁanmagynmhthm
the first conductivity type impurity penetrates the anti-
oxidative layer.

The NAND-structured EEPROM according to the present
invention comprises EEPROM cells formed on the pocket
P-well. The impurity conceatration of the pocket P-well may
be controlled independently from the P-well which is
formed in the peripheral circuit region. Therefore, an
EEPROM device having two P-wells in the cell array region
and the peripheral circuit region, respectively, of which the
concentrations may controlled according to the device char-
acteristic and independently from each other, may be
obtained.

Also, an NMOS transistor of the peripheral circuit region
which is operated at a high voltage may be formed directly
on the P-type semiconductor substrate, thus enhancing the
resistance thereof against the high voltage. In the meantime,
the cheracteristics of the NMOS transistar of the peripheral
circuit region which is operated at Vee, are controlled by
forming the NMOS transistor on the P-well of the peripheral
dmitmgionmthuebymhmthemnch—thxmghchnr-
acteristics thereof,

BRIEF DESCRIPTION OF THE DRAWINGS

The above object and other advantages of the present
invention will become more apparent by describing in detail
a preferred embodiment thereof with reference to the
attached drawings in which:

FIG. 1 is a sectional view showing the conventional
NAND-structured EEPROM;

FIG. 2 shows a portion of an equivalent circuit diagram of
an EEPROM device using a conventional NAND-structured
EEPROM cell and an erase and write (or program) operation
thereof.

FIG. 3 is a sectional view showing a structure of a
NAND-structured EEPROM according to one embodiment
of the present invention;

FIGS. 4 through 12 are sectional views illustrating a
method for manufacturing 2 NAND-structured EEPROM
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device according to a fist embodiment of thdie present
invention;
FIGS. 13 and 14 are sectional views illustrating g a method
for manufacturing a NAND-structured EEPRODM device
according to a second embodiment of the preseat i invention;

FIG. 15 is a sectional view illustrating a mmethod for
manufacturing a NAND-structured EEPROMM device
according to a third embodiment of the present irinvention;

FIGS. 16 and 17 are sectional views illustrating g a method
for manufacturing a NAND-structured EEPRODM device
according to a fourth embodiment of the present i invention;
and

FIG. 18 is a sectional view illustrating a mmethod for
manufacturing a NAND-structured EEPROMM device
according to a fifth embodiment of the present innvention.

DESCRIPTION OF THE PREFERREDO
EMBODIMENT

Hercinafter, the present invention is to be degscribed in
more detail in reference with the attached drawinngs.

FIG. 3 is a sectional view of a NAND-sstructured
EEPROM device according to one embodimernt of the
present invention.

Into a semiconductor substrate of a first conductztivity type
(having a low concentration), e.g., P-type semiaiconductor
substrate 10, a second conductivity type impurity ( (an ion) is
implanted to thereby form a plurality of second coonductivity
type impurity-doped regions, ie., N-wells. Thesse N-wells
include a first N-well 11 as a second impurity-dopped region
(of a second conductivity type) formed in the ¢ cell array
region and a second N-well 12 as a fourth impuririty-doped
region (of a second conductivity type) in a thirird surface
portion of the semiconductor substrate in the [ peripheral
circuit region.

A first conductivity type impurity is implanted i into a first
N-well 11 of the cell array region, to thereby foiorm a first
P-well 13 as a first impurity-doped region of a firsest conduc-
dvity type in the cell array region. On first P-wevell 13, an
EEPROM device having source and drain regionns (formed
in the surface portions of first P-well 13) and a flopating gate
formed on the first P-well 13 and a control gate fiformed on
the floating electrode, is formed Since first NN-well 11
encloses first P-well 13, the first P-well 13 is ; generally
referred to as a pocket P-well.

In the peripberal circuit region (having no cell annd includ-
ing sccond N-well 12) of P-type semiconductor sutzbstrate 10,
for operating the cell array, a second P-well 14 5 as a third
impurity-doped region of a first conductivity type = is formed
in a first swsflace portion of semiconductor substrtrate 10 by
implanting s impurity having a first conductivity y type (the
same condoetivity type as that of semiconductore substrate
10) into a first portion of the peripheral circuit t region of
semiconductor substrate 10, while excluding thhe portion
where second N-well 12 is formed.

On second P-well 14, a first MOS transistor (thhat is, first
NMGOS transistor) is formed which comprises fifirst source
and drain regions formed in surface portions oof second
P-well 14, and a first gate electrode formed on seco.ond P-well
14,

In 2 sccond portion of the peripheral circuit : region of
P-type semiconductor substrate 10 (excluding thae portions
where second N-well 12 and second P-well 14 arere formed),
a second MOS traasistor (second NMOS transiststar) which
has a resistance against high voltage is formedd between
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second P-well 14 and second N-well 12. The second MOS
transistor includes second source and drain regions formed
in second surface portions of semiconductor substrate 10

and a second gate electrode formed on semiconductor sub-
strate 10.

On second N-well 12, a third MOS transistor (PMOS
transistor) baving third source and drain regions in surface
portions of second N-well 12 and a third gate electrode on
second N-well 12, are formed.

Since the second NMOS transistor is formed directly on
the P-type semiconductor substrate 10, the reverse bias
characteristic between the N+ doped region of the NMOS
transistor and the P-type semiconductor substrate 10 having
a low impurity concentration is improved. The second
NMGOS transistor has a gate insulating layer whose thickness
i thicker than that of first NMOS transistor. Also, using a
P-type semiconductor substrate 10 having a low impurity
conceatration improves the body effect. An NMOS transis-
tor of the peripheral circuit, which does not have a resistance
essentially against a high voitage, is formed on second
P-well 14, thus improving the punch-through characteristic
of the short channel.

The characteristic of second N-well 12 on which 2 PMOS
transistor of the peripheral circuit is formed should be
controlled according to the PMOS characteristic and the
isolation characteristics thereof. Since second N-well 12 is
formed simultaneously with the first N-well 11 wherein first
P-well 13 (the pocket P-well) is to be formed, the change in
the characteristics of second N-well 12 should accompany
the characteristic change in first N-well 11. This in turn
causes the characteristic of first P-well 13 to change. When
simultaneously forming first P-well 13 and second P-well 14
by using the same photomask and the same ion-implantation
processes, in order to optimize first P-well 13 according to
the change in the characteristic of firt N-well 11, the
characteristic of second P-well 14 is undesirably changed.
To solve this problem, a photolithography process should be
added for forming first P-well 13 and second P-well 14
scparately, which is undesirable.

In the present invention, 8 method for manufacturing the
above EEPROM device without an additional photolithog-
raphy process is provided. Hereinafter, the method will be
described in detail with refereace to the following embodi-
ments.

Embodiment 1

FIGS. 4 through 12 are sectional views illustrating a
method for manufacturing 2 NAND-structured EEPROM
device according to a first embodiment of the present
invention.

FIG. 4 is a sectional view illustrating a step of forming a
first N-well 24 as a second impurity-doped region and a
second N-well 24A as & fourth impurity-doped region in an
upper surface portion of P-type semiconductor substrate 20.
More particularly, on a first conductivity type semiconductor
substrate, for example, <100>-oriented P-type semiconduc-
tor substrate 20 having a resistance of 18Q.cm, a first oxide
layer 21 is firstly formed to a thickness of 380 A, as in the
conventional N-weil formation. Thereafter, oa first oxide
layer 21, asilicon nitride layer 22 as an anti-oxidative layer
is formed by depositing silicon nitride to & thickness of about
2000 A via a conventional chemical vapor deposition (CVD)
method. Thereafter, a photoresist is coated on the silicon
nitride layer 22 to thereby form a photoresist film (not
shown). Then, the photoresist film is exposed using a
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photomask for forming first and second N-well : 24 and 24A
and developed to form a first photoresist pattern ( (not shown)
which exposes & portion of silicon nitride layer 222. Using the
first photoresist pattern as an etching mask, a preredetermined
portion of silicon nitride layer 22 is etched, , to thereby
expose surface portions of semiconductor susubstrate 20
where first N-well 24 of the cell array region ¢ and second
N-well 24A of the peripheral circuit region are 10 0 be formed.
Then, a second conductivity type impurity (N-typpe impurity)
such as phosphor (P) is ion-implanted at a1 dosage of
1.7x10"* atoms/cm® and at an acceleration voltitage of 150
KeV, and then the first photoresist pattern is remaoved. Next,
the substrate is heat-treated at a temperature of a about 1150°
C. for seventeen hours, to thereby not only aactivate the
doped N-type impurity, but also diffuse the dopeed impurity
into semiconductor substrate 20. As a result, firstst N-well 24
of the cell array region and second N-well 224A of the
peripheral circuit region are formed.

Here, during the heat-treatment, second oxidde layers 23
and 23A of the respective cell array region andd peripheral
circuit region are grown to a thickness of 4,500 AA where the
portions of silicon nitride layer 22 have been etetched.

FIG. 5 is a sectional view for illustrating a stepp of forming
a sccond photoresist pattern 26 for forming a firsrst P-well as
a first impurity-doped region and a second P-welell as a third
impurity-doped region, and then firstly implanmting a first
conductivity type impurity. After the step of FIG. . 4, a second
photoresist is coated on the resultant, thereby y forming a
second photoresist film. The second photoressist film is
exposed using a photomask for forming the first ¢ and second
P-wells and then developed to thereby formn a second
photoresist pattern for forming the first and seccond P-wells
which expose a portion (excluding the edge | portion) of
secondoxidelayerﬂofthecellmymgioummdlponion
of silicon nitride layer 22 where second P-werell is to be
formed. Then, a portion (excluding the surrounnding edge
portions) of second oxide layer 23 of the cell marray region
which is formed on first N-well 24 is wet-stchered using an
oxid:exchant.totherebyexposethcanfwezporﬁonof
semiconductor substrate 20 where first N-well 224 has been
formed. At this time, since silicon nitride layer 222 has a low
etching selectivity with respect to the oxide etcichant used in
the above wet-eiching when compared to the sesecond axide
layer 23, the exposed portion of silicon nitride layryer 25 is not
etd:edn“y.maﬁmeundmdvitytype'zimpmity (2
P-type impurity such as boron) is firstly ion-impplanted at a
dosage of 0.9x10"* atoms/cm® and at 1 low s acceleration
voltage of 50 KeV for forming the pocket P-weltll of the cell
array region. Under the above conditions, ththe exposed
portion of silicon nitride layer 22 prevents the imppurity from
doping into the substrate. Thus, only & partion of £ first N-well
24 is doped with P-type impurities via the expopsed surface
portion of semiconductor substrate 20.

FIG. € is  sectional view illustrating a step o of secondly
implanting a first conductivity type impurity o thhereby form
a first P-well 27 and 2 second P-well 27A. AAfter firstly
implanting the first conductivity type impurityty at a low
energy, in order to form second P-well 27A of thae peripberal
circuit region, the same impurity as that firstly irimplanted is
implanted at a dose of 1.5x10' atoms/cm? at an aacceleration
voltage of 130 KeV (by which boroa can penctetrate silicon
nitride layer 22 having a thickness of aboutt 2,000 A),
without removing second photoresist patema 26, After
removingseoondphototesiupam%.ldrim-inmpi:
performed at & temperature of 1,150° C. for ciglght hours, to
complete first (pocket) P-well 27 (as a first Impuwurity-doped
region) of the cell armay area and second P-wellll 27A (as a
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third impurity-doped region) of the peripheral circuit region.
Second P-well 27A is formed in a first surface portion of
semiconductor substrate 20 in the peripheral circuit region.

FIG. 7 is a sectional view illustrating a of forming a
plurality of field oxide layers 28, a first g:cegxide layer 29
of the peripheral circuit region, a tunnel oxide layer 30 of the
cell array region, and first polysilicon layer pattern 31 for
forming floating electrode of a NAND-structured EEPROM
cell of the cell array. More particularly, after the drive-in step
of FIG. 6, silicon nitride layer 22, the 20 remaining second
oxide layers 23 and 23A, and firgt oxide layer 21 are
removed. Then, via 2 conventional LOCOS process, a
plurality of field oxide layer 28 for electrically isolating
devices are formed on semiconductor substrate 20, and then
a first gate oxide layer 29 is formed to a thickness of 200 A
on the whole surface portion of semiconductor substrate 20
excluding the portions where field oxide layers 28 have been
formed. Next, in order to sclectively form tunnel oxide layer
30 in the cell array region which is thinner than first gate
oxide layer 29, a portion of first gate oxide layer 29 in the
cell array region is removed via a conventional photolithog-
raphy process. After removing the photoresist pattern used
in the photolithography process, a tunne! oxide layer 30 is
formed 1o a thickness of 100 A on first P-well of cell array
region. Thereafter, for forming a first conductive layer for
forming a floating gate of an EEPROM device, a first
polysilicon is deposited to a thickness of 1,500 A, to thereby
form a first polysilicon layer. The first polysilicon layer is
doped with phosphorous ions so as to have a sheet resistance
of 100Q/7, thereby forming a first conductive layer for
fonningth;ﬂoaﬁngm.‘l‘hcn,thc first conductive layer is
patterned by a conventional photolithography process, to
thereby form a first conductive layer partern 31 on the cell
array region.

FIG. 8 is a sectional view illustrating an insulating layer
pattern 32 covering first conductive layer pattern 31 and
implanting an impurity for controlling the threshold voltage
of the peripheral circuit region. After the step of FIG. 7, an
oxide/nitride/oxide (ONO) layer is formed to a thickness of
160 A7200 A730 A as an insulating layer on the whole
nnfweoftheraultam.'!‘hcruﬁc:.nhirdpbowmsinpa-
m33hfumedwhichcovmtheceumymgionand
exposcs the peripheral circuit region. Using third photoresist
pattemn as an etching mask, the ONO film is etched to
thereby form insulating layer partern 32 covering first con-
ductive layer pattern 31. Al this time, first gate oxide layer
29 which is formed on the peripheral circuit region, is
simultancously removed, to thereby expose the surface of
mﬁcondxmmbmm”oﬁhcpaiphaﬂdxuﬁtmgion.

Thereafler, in order to control the threshold voltage of
peripheral circuit region, while leaving third photoresist
patiem 33, a first conductivity type (P-type) impurity, such
as boron, is ion-implanted through the exposed surface of
semi-conductor substrate 20 at a dosage of 2.0x10** atoms/
cm? and at an acceleration voltage of S0 KeV, and then third
photoresist partern 33 is removed.

Thereafter, an ion-implantation process is performed for
differentiating the threshold of the NMOS transistors of the
peripheral circuit. More particulady, a region where an
NMOS transistor of the peripheral circuit is to be formed,
i.e., second P-well 274, is exposed by forming a fourth
photoresist pattern (not shown) &nd then, a first conductivity
type (P-type) impurity, such as borom, is ion-implanted
through the exposed region at a dosage of 6.0x10"! atoms/
cm? and at an acceleration voltage of 50 KeV, Thereafter, the
fourth photoresist pattern is removed.

Then, in order to form a normally on (operable) NMOS
transistor of the peripheral circuit directly on semiconductor
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substrate 20 (but not on second N-well 24A naor second
P.well 27A), 2 fifth photoresist pattern (not s shown) is
formed to expose a portion of semiconductor subibstrate 20
between second P-well 27A and second N-well 224A in the
peripheral circuit section. Through the exposed | portion, a
second conductivity type (N-type) impurity such a as arsenic
(As) is ion-implanted at a dosage of 2.2x10'? atomsns/cm? and
at an acceleration voltage of 30 KeV. Next, the fififth photo-
resist pattern is removed.

FIG. 9 is a sectional view illustrating a step of f forming a
second gate oxide layer 34 and partially removining second
gate oxide layer 34 on second N-well 24A and secoond P-well
27A. After removing the fifth photoresist patterrm, second
gate oxide layer 34 is grown 10 a thickness of 2000 A via a
thermal oxidation, on the whole surface of thee resuitant
excluding the cell array region where insulating lay.yer pattern
32 covers. Thereafter, 2 photoresist is coated on theie resultant
to form a photoresist film, which is exposed usingg a photo-
mask and then developed to form a sixth photoresisist pattern
35 exposing a portion of second gate oxide layer 334 formed
on both second N-well 24A and second P-well 27:7A. Using
sixth photoresist pattern 35 as an etching mask, thae exposed
portion (which is formed in the peripheral circruit region
excluding the region where 2 PMOS transistoor and an
NMOS transistor having a resistance against a hig gh voltage
are to be formed) of second gate oxide layer 34 oon second
P-well 27A and second N-well 24A, is partially reremoved via
a conventional etching method.

FIG. 10 is a sectional view illustrating a step of forming
a third gate oxide layer 36 and forming gate electrrodes 394,
395 and 39¢ of the transistors of the peripheral circareuit and a
composite conductive pattern 395 for forming cowontrol gate
electrodes of the cell array EEPROMS. After removving sixth
photoresist pattern 35, on the surface region oof second
P-well 27A and second N-well 24A (where seccond gate
oxide layer 34 has been etched), third gate oxide lilayer 36 is
grown to have a thickness of about 180 A, via a conmventional
thermal oxidation process. During the thermal oxicidation for
forming third gate oxide layer 36, second gate oxidde layer 34
(which is formed between second P-well 27A annd second
N-well 24A and has not § been etched in the abovve step of
FIG. 9) grows to a greater thickness than itsts original
thickness of 200 A. Reference numeral 34" reprereseats the
additionally grown second gate oxide layer.

Thereafter, on whole surface of the resultant, ass a second
conductive layer for forming the control gate elecctrodes of
the cell array and the gate electrodes of the transisistor of the
petipheral circuit, a second polysilicon {s depositeied to form
a second layer having a thickness of abbout 1,500
A, wmd then is doped so that théie second
polysilicon layer has a sheet resistance of 100{/01.1. Then, on
the second polysilicon layer, a refractory metal silicicide layer
is formed by depositing a refractory metal silicidde (such as
WSi) to a thickness of 1,500 A. Thereafter, the ¢ composite
conductive layer consisting of the second polysililicon layer
and the refractory metal silicide layer is pattermmed via a
photolithography process using a seventh photoresisist pattern
40. Thus, first, second and third gate electrodes 39dia, 395 and
39¢ of first, second and third MOS transistors of ththe periph-
eral circuit consisting of first, second and third pattiterns 37a,
375 and 37c of second polysilicon layer pattern 1 and first,
second and third refractory metal gilicide layer patattern 38a,
38bmd38cmfonwd.Also,aoomposiwpmmtp39dfm
forming control gate electrode of the cell arraray (which
covers insulating layer pattern 32) consisting ofif a fourth
second polysilicon layer pattern 37d and fourth r refractory
metal silicide layer pattern 384, is formed.

bA
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According to the above method, since the NMOS tran-
sistor’s gate formed directly on P-type semiconductor sub-
strate 20 which operates at 2 high voltage of about 20 V
during the cell program/erase operation, has the thickly
grown second gate oxide layer 34’ as a gate oxide layer, its
resistance against high voltage is impcoved. In the mean-
time, the NMOS transistor formed on second P-well 27A
which operates at Vee (which is a low voltage) uses third
gate oxide layer 36 as a gate insulating layer (which is
relatively thin when compared to that of the NMOS tran-
sistor formed directly on semiconductor substrate 20).
Therefore, the punch-through characteristic the NMOS tran-
sistor is improved.

FIG. 11 is a sectional view illustrating a step of forming
a control gate electrode 42 and a floating gate electrode 31A
of the cell array. After removing sixth photoresist pattern 40
in FIG. 10, a seventh photoresist pattern 43 for forming the
control and floating electrode of an EEPROM which covers
the peripheral circuit region is formed on the resultant
Using seventh photoresist pattern 43 as =n etching mask,
fourth refractory metal silicide layer pattern 384, second
polysilicon layer patten 374, insulating layer partern 32 and
first polysilicon layer pattern 31 are sequentially etched to
thereby form the floating gate electrode 31A and control gate
electrode 42 (consisting of a fifth second polysilicon layer
pattern 37¢ and a fifth refractory metal silicide layer pattern
38e) of the cell array.

FIG. 12 is a sectional view illustrating a step of complet-
ing the EEPROM cells and first, second and third MOS
transistors of the peripheral circuit. After removing seventh
photoresist pattern 43, N-type and P-type impurities are
ion-implanted to the resultant, and beat-treatment is per-
formed for activating and diffusing the implanted jons via a
conventional MOS transistor-forming process. Therefore, an
EEPROM cell consisting of floating gate electrode 31A
formed on first P-well 27, a control gate electrode 42 formed
on floating gate electrode 31A, and a fourth source and drain
regions 44d is formed. In the peripheral circuit region, a first
MOS transistor (an first NMOS transistor) consisting of first
gate electrode 39a formed on second P-well 27A, and first
source and drain regions formed in the surface portions of
second P-well 27A is formed. Also, on a second portion of
semiconductor substrate 20 in the pecipheral circuit region,
1 second MOS transistor (2 second NMOS transistor) con-
sisting of second gate electrode 395 and second source and
drain regions 44a formed in the second surface portions of
semiconductor substrate 20 in the peripberal circuit region,
is formed. On second 15N-well 24A, a third MOS transistor
(2 PMOS transistor of the peripheral circuit) consisting of a
third gate electrode 39¢ formed on second N-well 24A and
4 third source and drain regions 44¢ formed in the surface
portions of second N-well, is formed. Thus, two NMOS
transistors and one PMOS transistor of the peripheral circuit
are formed in the peripheral circuit region.

Subscqueat steps (not shown) such as a metallization
process, a process for forming insulation interlayer, and a
planarization process, are performed to thereby complete the
EEPROM device of the present invention, in the same
manner as in the case of a conventional memory device.
Therefore, detailed descriptions thereof will be omitted.

Embodiment 2
FIGS. 13 and 14 are sectional views illustrating a method

for mamufacturing a NAND-structured EEPROM device
according to a second embodiment of the present invention.
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FIG. 13 is a sectional view illustrating a stetep of firstly
implanting & first conductivity type impurity.

The same procedure as shown in FIG. 4 of EEmbodiment
| is performed. After forming second photoresisist pattern 26
in the same manner as in Embodiment 1, booron is ion-
implanted at a dosage of 1.5x10'* atoms/cmh? and at an
acceleration energy such that the boron penetra-ates first and
second oxide layers 21 and 23 and silicon nitricide layer 22,
for example, at an acceleration voltage of 240 ) KeV,

FIG. 14 is a sectional view illustrating a step p of secondly
implanting a first conductivity type impurity. AAfier the siep
of FIG. 13, boron is ion-implanted at a dose of 00.5x10"? and
at an acceleration energy such that the borown penetrates
silicon nitride layer 22 but not second oxide layyer 23, i.e., at
an acceleration voltage of 130 KeV. Thereafter, ¢, in the same
manner as in Embodiment 1, after removing sewecond photo-
resist pattern 26, a drive-in step is performmed, to thus
complete first (pocket) P-well 27 of the cell arrray area and
second P-well 27A of the peripheral circuit reggion.

Thereafter, subsequent steps are performed i in the same
manner as described with respect to FIGS. 7 thirough 12 of
Embodiment 1, so the detailed descriptions therereof omitted.

Embodiment 3

FIG. 15 is a sectional view illustrating a 1 method for
manufacturing a NAND-structured EEPRCOM device
according to a third embodiment of the presentit invention.

FIG. 15 is a sectional view illustrating a step p of implant-
ing a first conductivity type impurity. In Embodiiments 1 and
2, the first conductivity type impurity is implaninted via two
implantation steps. However, in the present emboodiment, the
first conductivity type impurity is implanted juust once.

After forming second photaresist pattern 26 annd removing
the exposed second oxide layer 23 by the wet-etetching in the
same manner 23 in Embodiment 1, for forming g first P-well
27 and second P-well 27A, boron is implanted 4 at a dose of
1.5x10"* atoms/cm® and at an acceleration energrgy such that
the boron penctrates silicon nitride layer 22, for £ example, at
an acceleration voltage of 240 KeV. With cthanging the
thickness of silicon nitride layer 22, the doped ammount of the
impurity (that is, boron) which forms second 1 P-well 27A
may be controlled.

'Iherum.tbembsequanmpcmpufaxmedinthe.

same manner as in Embodiment 1 (i.e., thosese shown in
FIGS. 7 through 12).
Embodiment 4

FIGS. 16 and 17 sre sectional views illustratiring a method
for manefacturing a NAND-structured EEPRROM device
according 0 s fourth embodiment of the preserznt invention.

FIG. 16 is a sectional view illustrating a stetep of firstly
implanting a first conductivity type imprity. Aftfter perform-
ing the step of FIG. 4 of Embodiment 1, secondd photoresist
pattern 26 is formed in the same manner as in EEmbodiment
1. Thereafter, boron is ion-implanted at a dosage ¢ of 1.5x10?
atoms/cm® and at an acceleration energy suchh that boron
penetrates silicon nitride layer 22 but not second d oxide layer
23, for example, at an acceleration voltage of 2240 KeV.

FIG. 17 is a sectional view illustrating a step o of secondly
implanting a first conductivity type impurity. AAfter the step
of FIG. 16, the exposed portion of second oxidele layer 23 is
removed by the wet~ctd1in§. and then boronn is ion-im-
planted at a dosage of 1.0x10' and at an acceleraration energy
such that boron penetrates silicon nitride lapyer 22, for

12
example, at an acceleration enesgy of 240 KeV, Thereafter,
8 drive-in step is performed in the same manner as in
Embodiment 1, to thereby form first P-well 27 and second
P-well 27A.

The subsequent steps are performed in the same manner
as those of FIGS. 7 through 12. Accordingly, the detailed
descriptions thereof are omitted.

Embodiment §

FIG. 18 is a sectional view lustrating~ a method for
manufacturing a NAND-structured EEPROM  device
according 10 a fifth embodiment of the present invention.

In the present embodiment, controlling the concentration
of the impurity for forming first P-well 27 and second P-well
27A separately and independently, is 5 unnecessary.

FIG. 18 is a sectional view illustrating a step of implant-
ing a first conductivity type impurity. After performing the
step of FIG. 4 of Embodimeant 1, nitride layer 22 (which is
used as an anti-oxidative layer) and first oxide layer 21 are
removed by wet etching, thereby exposing the whole surface
of semiconductor substrate 20. Thereafter, an oxide layer
23B is grown to a thickness of about S00 A via a conven-
tional thermal oxidation. Then, second photoresist pattern 26
is formed in the same maoner as in Embodiment 1, to
thereby expose the portions of oxide layer 23B where first
P-well and second P-well are to be formed.

Next, boron is jon-implanted at a dosage of 1.5x10'* and
at an acceleration energy such that boron penetrates oxide
23B.

The subsequent steps are performed in the same manner
as those of FIGS. 7 through 12. Accordingly, the detailed
descriptions thereof are omitted.

The NAND-structured EEPROM device according to the
present invention comprises EEPROM cells formed on a
pocketP-wdl.'Ihcimpmityeouccnmﬁouoflhepockct
P-well is controlled independently form the P-well formed
in the peripheral circuit region. Therefore, an EEPROM
device having two P-wells in the cell array region and the
peripheral circuit peripheral circuit region of which the
concentrations may controlled according to device charac-
teristics and independently from each other, can be obtained.

According to one embodiment of the present invention, an
NMOS transistor of the peripheral circuit region which is
operated at a high voltage is formed directly on the P-type
semiconductor substrate. Therefore, the resistance thereof
agsingt the high voltage is enhanced Further, an NMOS
transistor of the peripheral circuit region which is operated
at Vec, is formed on the P-well of the peripheral circuit
region the characteristics of which are controlled indepen-
dently from the P10 well of the cell amay region. This
enhances the punch-through characteristic.

Also, according to 1 method for manufacturing a NAND
structured EEPROM memory device, using only a twice-
performed photolithography process may separately and
independently control the characteristics of the P-wells of
the cell’ array region and the peripheral circuit region
Therefore, the characteristics of the P-wells are differenti-
ated so that the transistor characteristic of the peripheral
circuits can be differentiated.

Consequently, the present invention can provide a noo-
volatile semiconductor memory device having an excellent
characteristic in spite of the shortened steps of the whole
process.

While the present invention has been particularly shown
and described with reference to particular embodiments
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thereof, it will be understood by those skilled in ti the art that
various changes in form and details may be effectcted therein
without departing from the spirit and scope of the«e invention
as defined by the appended claims.

What is claimed is:

1. An EEPROM semiconductor memory devicee compris-

ing:

a semiconductor substrate having a first conduct=tivity type,
said semiconductor substrate being divided {1 into a cell
array region and a peripheral circuit region;y;

a first impurity-doped region having said first ¢ conductiv-
ity type formed in a first surface portioon of said
semiconductor substrate in said cell array reregion;

a second impurity-doped region having a seconnd conduc-
tivity type formed in said first surface porticion of said
semiconductor substrate in said cell array reegion, said
second impurity-doped region enclosing said first
impurity-doped region;

a memory cell comprising:

a memory source region and a memory drerain region
formed on a surface portion of said first t impurity-
doped region, and

a floating electrode formed on said first impunrity-doped
region and a control electrode formed on 1 said float-
ing electrode;

a third impurity-doped region having said firsrst conduc-
tivity type formed in a first surface porticion in said
peripheral circuit region of said semiconduuctor sub-
strate;

a first MOS transistor comprising:
first source and drain regions formed in 1 respective

surface portions of said third impurity-dopped region,
and

aﬁmgmelecxrodefomedonmdthudhmp\mty-
dopedregwn.uecoudMOSmnorwompmmg-
second source and drain regions formed ¢ directly in
respective second surface portions in saiaid periph-
eral circuit region of said semiconductorr substrate,
and
a second gate electrode formed on said serzmiconduc-
tor substrate;

a fourth impurity-doped region having said seecond con-
ductivity type snd being formed in a thirind surface
portion in said peripheral circuit region of s said semi-
conductor substrate; and

a third MOS transistor comprising:
third source and drmin regions formed in 1 respective

surface portions of said fourth impunrity-doped
region, and
a thind gase electrode formed on said fourth b impurity-

doped region.

2. The EEPROM semiconductor memory devicice accord-
ing to claim 1, wherein said first and second MOS ¢ transistors
are NMOS transistors, and said third MOS trannsistor is a
PMOS transistor.

3. The EEPROM semiconductor memory devidice accord-
ing to claim 1, wherein a first gate insulating fililm of said
second MOS transistor is thicker than a second § gate insu-
lating film of said first MOS transistor.

10
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4. The EEPROM semiconductor memory device accord-
ing to claim 1, wherein said second MOS transistor is
formed between said first MOS transistor and said third
MOS transistor.

S. The EEPROM semiconductor memory device accord-
ing to claim 1, wherein a first impurity conceatration of said
first impurity-doped region is controlled independently from
a second impurity conceatration of said third impurity-
doped region.

6. The EEPROM semiconductor memory device accord-
ing to claim 1, wherein said first conductivity type is P-type
and said second conductivity type is N-type.

A 7. An EEPROM semiconductor memory device compris-
ing:

a P-type semiconductor substrate which is divided into a

cell array region and a peripheral circuit region;

a first P-well formed in a surface portion in said cell array
region of said semiconductor substrate;

a first N-well formed in said surface portion in said cell
array region of said semiconductor substrate, said first
N-well enclosing said first P-well;

a memory cell comprising:

a memory source region and 2 memory drain region
formed on a surface portion of said first P-well,

a floating clectrode formed on said first P-well, and

a control electrode formed over said floating electrode;

a second P-well formed in a first surface portion of said
peripheral circuit region of said semiconductor sub-
strate;

a first NMOS transistor comprising:
first source and drain regions formed in respective

surface portions of said second P-well, and
a first gate electrode formed on said second P-well;

a second NMOS transistor comprising:

wcondmceanddxmnregwnsfmmedd:mcdymn
second surface portion of said peripheral circuit
region of said semiconductor substrate, and

a second gate electrode formed on said second surface
portion of said peripheral circuit region of said
semiconductor substrate;

a second N-well formed in a third surface partion of said
peripheral circuit region of said semiconductor sub-
strate; and

2 PMOS transistor eompmmg
third source and drain regions formed in a surface

poction of said second N-well, and
a third gate electrode formed on said second N-well

8. The EEPROM semiconductor memory device accord-
ing to claim 7, wherein said first N-well and said second
N-well are formed substantially simultaneously, and said
first P-well and said second P-well are formed substantially

independeatly.

9. The EEPROM semiconductor memory device accord-
ing to claim 1, wherein said first impurity-doped region and
said third impurity-doped region are formed mbstanmlly
simultaneously, and said second impurity-doped region and
said fourth impurity-doped region are formed substantially
independently.
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NONVOLATILE SEMICONDUCTOR
MEMORY

This is a division of application Ser. No. 07/171,300,
filed Dec. 22, 1993, now U.S. Pat. No. 5,473.563.

FIELD OF THE INVENTION

The present invention relates to electrically erasable and
programmable nonvolatile semiconductor memories and,
more particularly, but not exclusively, 1o electrically eras-
abie and programmable nonvolatile semiconductor memo-
ries with NAND structured cells.

BACKGROUND OF THE INVENTION

Various systems controlled by recent computers or micro-
processors require the development of an electrically eras-
able and programmable read-only memory (hereinafter
referred 10 as a EEPROM) of a high density. Particularly,
since the use of a hard disk with a rotary magnetic disk as
a secondary storage occupies a relatively large area in a
portable computer system such as a battery-powered com-
puter system of notebook size, system designers take much
interest in the development of EEPROMs of high density
and high performance occupying a smaller area. To achieve
a high density EEPROM, it is a major problem to reduce the
area occupied by memory cells. To solve such a problem, an
EEPROM has been developed which contains NAND struc-
tured cells being capsble of decreasing the number of
selection transistors per cell and contact holes coupled with
a bit line. Such a NAND structured cell is disclosed in the
IEDM, pp 412 to 415, 1988 under the title of “NEW
DEVICE TECHNOLOGIES FOR SV-ONLY 4 Mb
EEPROM WITH NAND STRUCTURE CELL”. This
NAND structured cell (hereinafter referred to as a NAND
cell unit or a NAND cell) is comprised of a first selection
transistor whose drain is connected to the corresponding bit
line via a contact hole; a second selection transistor whose
source is connected to a common source line; and eight
memory transistors whose channels are connected in series
between the source of the first selection transistor and the
drain of the second selection transistor. The NAND cell is
formed on a p-iype semiconductor substrate, and each
memory transistor includes a flosting gate layer formed on
a gate oxide layer over a channel regioa between its source
and drain regions and a control gate layer separated from the
floating gate layer by an intermediate insulating layer To
program of write a selected memory transistor in the NAND
cell, an operation of simultancously erasing all memory
transistors therein must be followed by the programming
operation. The simultancous erasure is performed by apply-
ing O volts to the bit line and raising the gate of the first
sclection transistor and controt gates of all memory transis-
tors to 17 volts. This causes all memory transistors to be
changed into enhancement mode transistors which are
assumed as binary logic “1" programmed transistors. To
program & selected memory transistor to a binary logic “0”
22 volts are applied to the bit line, the gate of the finst
selection transistor and control gates of memory transistors
between the first seiection transistor and the selected
memory transistor, while 0 volts are applied to the control
gate of the selected memory transistor, control gates of
memory transistor between the selected memory transistor
and thc common source line, and the gate of the second
sclection transistor. Thus, the selected memory transistor is
changed into a depletion mode transistor by the Fowler-

55

€5

2

Nordheim tunneling (F-N tunneling) of holes from its drain
to its floating gate. However, the problem of programming
in this manner is that a portion of the gate oxide of the
selected memory transistor is subjected to a stress induced
by application of the high voltage to its drain, and the
partially stressed gate oxide causes leakage current to flow,
This results in degrading more and more the data reteation
capability of the memory cell according to an increase of the
number of cycles of erasing and/or programming, thereby
reducing the reliability of the EEPROM. To solve this
problem, an improved device structure, in which the NAND
cells are formed on a p-type well region imbedded in an
u-type semiconductor substrate, and further improved eras-
ing and programming technologies utilizing the improved
device structure are disclosed in the symposium on VLS]
Technology, pp 129 to 130, 1990 under the title of “ANAND
STRUCTURED CELL WITH A NEW PROGRAMMING
TECHNOLOGY FOR HIGHLY RELIABLE SV-ONLY
FLASH EEPROM™,

Erasure of all memory transistors in this NAND cell is
performed by applying O volts to all control gates and a high
potential of 20 volts to the p-type well region and the n-type
substrate, thereby uniformly extracting electrons from their
floating gates to the well region. As a result, each memory
transistor has a threshold voltage of about —4 volts which
represents a state of depletion mode, ie. 8 logic *0". To
program 8 selected memory transistor in the NAND cell, a
high voltage of 20 volts is applied to the gate of the first
selection transistor and the control gate of the selected
memory transistor, while O volts are applied to the gate of
the second selection transistor, and an intermediate voltage
of 7 volts is applied to control gates of unselected memory
transistors. If the selected memory transistor is to be written
or programmed into a logic “1%, 0 volts are applied to the bit
line connected with the NAND cell, thereby injecting elec-
trons into the flcating gate of the selected memory transistor.
This resuits in causing the selected memory tramsistor to
become eahancement mode. On the contrary, if the selected
memory transistor is to be programmed to a logic “0”, a
program inhibition voltage of 7 volts instead of 0 volts is
applied to the bit line to inhibit the programming of the
selected memory transistor. Since such a programming
operation uniformly injects electrons from the p-type well to
its floating gate via its gate oxide layer, the partial stress on
the thin gate oxide layer does not occur to a significant
degree, and the gate oxide leakage current may thus be
prevented.

However, when the memory capacity becomes high, such
ways of uniform erasing and programming cause problems
in the case that system designers want to erase & portion or
a block of previously written or programmed memoary cells
in order to reprogram. In this case, 2 conventional approach
is to simultancously erase all memory transistors in a
memory cell array, i.e. to carry out a flash erasure, and then
to newly reprogram the content of all progrars. Thus, since
significantly reusable portions or blocks of the memory
array are simultaneously erased, the reprogramming not
only needs a long time, but also is inconvenient. It may be
appreciated that such problems seriously occur when the
memocy density becomes more higher. To solve these prob-
lems, it is made possible only to erase all memory transistors
in a selected memory block. However, in the case of an
EEPROM using the above-mentioned improved erasing and
programming techniques, to prevent the erasing of all
memory transistors in an unselected block, it is required that
a high voltage equal to &n erase voltage or a high voltage of
about 18 volts or more be placed on their control gates.

(4
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Thus, this technology has a drawback that a decoding circuit
for performing a block erasing operation becomes compli-
cated in design. In addition, when the density of the
EEPROM cells increases, an on-chip occupying area of the
decoder increases, thereby making it difficult to design the
decoder.

Another problem area of the prior art is that of program-
ing. To prevent the programming of non-programmed
memory transistors, which must maintain previous data, of
memory transistors on a selected word line, it is required that
cach of the bit lines corresponding to the non-programmed
memory (ransistors be raised to the intermediate, i.e. the
program inhibiting voitage, via a charge pump circuit con-
nected thereto. In addition, when the memory capacity is
increased, the number of bit lines or the length of each bit
line is increased. Consequently, it is necessary that a high
voltage generating circuit on the same chip for supplying the
high voltages to the charge pump circuits has a high per-
formance. Such a high voitage generating circuit and the
charge pump circuits give a problem in increasing the area
occupied by the on-chip peripheral circuits.

Conventional EEPROMs include a page program mode
for high-speed programming. The page programming opera-
tion is composed of a data loading operation and a program-
ming operation. The data loading operation comprises
sequentially latching or storing data of a byte size from
input/output terminals to a data register. The programming
operation comprises simultaneously writing the data stored
in the data register into memory transistors on a selected
word line via bit lines. The page programming technology
on an EEPROM with NAND cells is disclosed in the IEEE
JOURNAL OF SOLID-STATE CIRCUITS, VOL. 25, NO.
2, pp 417 to 423, APRIL 1990.

Conventional EEPROMSs employ a programming verifi-
cation techmique to enhance their reliability. The verification
means checking to determine if cells are pro-
grammed so as to have desired threshold voltages. Tech-
nologies of the programming verification may be classified
into an external verification technique coatrolled by a micro-
processor and an internal verification technique performed
by an on-chip verification circuit. The external verification
technique is disclosed in the [EEE JOURNAL OF SOLID-
STATE CIRCUITS, VOL. 26, NO. 4, pp 492 to 495, Apcil
1991 and U.S. Pat. No. 5,053,990. The external verification
technique has a problem in that it takes a predetermined long
time to determine if programmed cells are well programmed.
In addition, whenever reprogramming is performed after the
failure of the programming, it is necessary that the data
loading operation is performed again. However, the internal
verifying techniqoe has an advantage that the programming
verification is performed = a higher speed. The internal
verifying techmique is disclosed in Korean Patent Laid Open
NO. 91-17445 snd U.S. PAT. NO. 4,811,294. In these
documents, the verification is performed in such a manner
that comparator means compare data stored in a data register
with data read out in pages from memory cells via sense
amplifiers. However, such a scheme employing comparator
means increases the srea occupied by on-chip peripheral
circuits.

SUMMARY OF THE INVENTION

It is therefore an object of the preseat invention to provide
a nonvolatile semiconductor memory with NAND struc-
tured cells which can reduce the size of chip.

It is another object of the present invention to provide a
nonvolatile semiconductor memory with NAND structured
cells which can reduce power consumption.

4

It is further object of the present invention o provide a
noovolatile semiconductor memory which performs an eras-
ing of selected one of memory blocks.

It is still further object of the present invention to provide
a nonvolatile semiconductor memory which is program-
mable without application of a program inhibition voltage of
high voltages on unselected bit lines in order 1o reduce a chip
size and power consumption.

It is another object of the present invention to provide
methods for block crasing and programing which are
capable of reducing oa-chip occupying area and power
consumption in a nonvolatile semiconductor memory with
NAND structured cells.

It is another object of the present inveation to provide a
nonvolatile semiconductor memory in which on-chip area of
peripheral circuits can be reduced in size.

It is further object of the present invention to provide a
nonvolatile semiconductor memory in which over program-
ming can be prevented.

According to an aspect of the present invention, a non-
volatile semiconductor memory includes, word lines formed
over a surface of a semiconductor substrate; cell units
arranged on said surface to form an array, each said unit
including at least one memory transistor which has source
and drain regions formed in said substrate but separated by
a channel region, a charge storage layer formed over the
channel region, and a control gate formed over the floating
gate and coupled to & corresponding one of said word lines,
said array being divided into a plurality of memory blocks
each having a certain number of cell units; and means,
responsive to an address in a data erase mode, for applying
an erase voltage to said substrate, and simultaneously float-
ing word lines of memory blocks unselected by said address,
whereby erasure of memory transistors of said unselected
memory blocks is prevented by capacitive coupling of
predetermined amount of said erase voltage to the word lines
of said unselected memory blocks.

According to another aspect of the present invention, a
nonvolatile semiconductor memory includes, a semiconduc-
tor substrate having a well region; memory transistors
formed on the well region and arranged in & matrix form of
rows and columns, the memory transistors comprising cell
units each of which has a predetermined number of memory
transistors connected in series, and first and second termi-
nals at its both ends, cell units in respective rows coastitut-
ing a memory block, each transistor having source
and drain regions formed in the well region but separated by
s channel regioq, & floating gate formed over the channel
region to store charge represeating binary data, and a control
gate formed over the floating gate; word lines each being
connected to control gates of memory transistors in a
corresponding row; bit lines generally intersecting the word
lines; a common source line; first and second selection lines
generally in parallel with the word lines; first sclection
transistors respectively counected between first terminals of
cell units in each memory block and correspoading bit lines
for selectively connecting therebetween, gates of first selec-
tion transistors associated with each memory block being
connected to & corresponding first selection line; second
selection transistors connected between second terminals of
cell units in each memory block and the common source line
for selectively connecting therebetween, gates of second
selection transistors associated with each memory block
being connected to & corresponding second selection line;
data register connected to the bit lines for providing binary
data (o the bit lines, the register providing logic high level
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voltages to bit lines associated with memory transistors
programmed to one binary data of the binary data while
providing reference voltages to bit lines associated with
memory transistors programmed to the other binary data
thereof; and control means connected to the word lines and
the first and second selection lines for applying a program
voltage 10 a selected one of word lines of a selected memory
block and pass voltages to unselected word lines of the
unselected memory block while applying 2 logic high level
voltage to the first selection line associated with the selected
memory block and rendering nonconductive second selec-
tion transistors associated therewith, whereby channel
regions and source and drain junctions of memory transis-
tors in the selected memory block are capacitively charged
to program inhibition voltages.

According to another aspect of the present invention, a
method for programming memory transistors in a row in a
semiconductor memory which comprises a semiconductor
substrate; memory transistors formed on a surface of the
substrate and arranged in rows and columns, the memory
transistors comprising cell units each of which has a prede-
termined number of memory transistors connected in series,
and first and second terminals at its both ends, each memory
transistor having source and drain regions formed in the
substrate but separated by a channel region, a floating gate
formed over the channel regioa to store binary data, and a
control gate formed over the floating gate, cell units in
respective rows constituting a memory block; word lines
each being connected to control gates of memory transistors
in a corresponding row; bit lines generally intersecting the
word lines, the first terminal of each of cell units of each
memory block being connected to a corresponding one of
the bit lines via a first selection transistor; and a common
source linc connected to the second terminal of each of cell
units via a second selection transistors, the method includes
the steps of applying a program voltage to a selected word
line of a selected memory block and a pass voltage lower
than the program voltage to the remaining word lines
thereof, while applying 2 logic high level voltage lower than
the .pass voltage to gates of first selection transistors asso-
ciated with the selected memory block and rendering non-
conductive second selection transistors associated therewith,
the logic high level voltage corresponding to a logic high
state; and applying a logic low level voltage corresponding
o a logic low state to bit lines associated with memory

transistors programmed from one binary data to the other
binary data, while applying the logic high level voltage to bit
lines associsted with memory transistors not

whereby channe! regions and source and drain junctions of
the nonprogrammed memory transistors arc capacitively
charged to a voltage level between the logic high level

voltage and the program voltage $0 as to prevent program-
ming, while those of the programmed memory.

BRIEF DESCRIPTION OF DRAWING

For a better understanding of the inveation, and to show
how embodiments of the same may be carried into effect,
reference will now be made, by way of example, o the
accompanying diagrammatic drawings, in which:

FIG. 1 shows a schematic block diagram of an electrically
erasable and programmable read-only memoary according to
the present invention;

FIG. 2 is comprised of FIGS. 22 and 2b: FIG. 2a
illustrating the arrangement of memory cells within first and
second memory blocks associated with a k-th column block,
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and transfer transistor arrays connected thereto; and FIG. 2
showing an input/output buffer, a column decoder and
selection circuit, 8 data register and sense amplifiers asso-
ciated with the k-th column block;

FIG. 3 shows a plan view of a pattern for one of a plurality
of NAND cells constituting 2 memory cell array;

FIG. 4 shows a cross-sectional view of the NAND cell
taken substantially along line [IV—IV of FIG. 3;

FIG. § shows a schematic circuit diagram of a block
selection control circuit used in an embodiment of FIG. 2;

FIG. 6 shows a schematic circuit diagram of a control gate
driving circuit used in embodiments of FIG. 2 and FIG. 13;

FIG. 7 shows a schematic circuit diagram of a source line
driving circuit used in the embodiment of FIG. 2;

FIG. 8a shows a circuit diagram of a tristate inventer used
in FIG. 2b;

FIG. 8b shows a circuit diagram of a tristate NAND gate
used in FIG. 6;

FIG. 8¢ shows a schematic timing circuit diagram for
generating control signals ¢, and ¢, used in the block
selection control circuit of FIG. §;

FIG. 9 shows a program determination circuit and is
comprised of FIGS. 9a and 9b, in which FIG. 9a is a circuit
diagram showing a portion of the program determination
circuit and FIG. 9b is a circuit diagram showing a summa-
tion circuit;

FIG. 10 shows a timing chart of various control signals
used in a block erasing mode according to a first embodi-
ment of the present inveation;

FIG. 11 shows a timing chart of various control signals
used in a programming mode according to the first embodi-
ment of the present inveation;

FIG. 12 shows a timing chart of various contro] signals
used in a programming verification mode and a reading
mode according to the first and modified embodiments of the
present invention;

FIG. 13 is & circuit diagram showing a schematic modified
embodiment and is comprised of FIGS. 132 and 2b, in which
FIG. 13a is a circuit diagram illustrating an arrangement of
memory transistors within an i-th memory block having
shared word lines in the k-th column block;

FIG. 14 shows a schematic circuit diagram of a block
selection control circuit associated with the modified
embodiment of FIG. 13;

FIG. 15 shows a schematic circuit diagram of a ground
line driving circuit associated with the modified embodiment
of FIG. 13;

FIG. 16 shows & timing chart of various coatroi signals
used in a block erasing mode of the modified embodiment;
and

FIG. 17 shows a timing chart of various control signals
used in a programming mode of the modified embodiment.

In the figures, like refereace numerals denote like or
corresponding parts.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description, numerous specific details,
such as memory cells, the number of NAND cells, the
aumber of bit lines, the value of voltages, circuil elements
and parts and 30 on, arc set forth in order to provide a
thorough understanding of the present invention. It will be




5,546,341

7

understood by those skilled in the art that other embodi-
meats of the present invention may be practiced without
these specific details, or with alternative specific details.

The term “memory transistor” as used herein refers o a
floating gate MOS FET having a source, a drain, a floating
gate and a control gate. The term “programming™ is used to
describe the writing of data into selecied memory transis-
tors. The term “NAND cell charging” is defined as the
charging of the channel and the source and drain juncton
capacitors of respective memary transistors constituting the
NAND cell to 2 predetermined potential.

In the following description, symbols k and i are respec-
tively used for those parts associated with a k-th column
block and an i-th memory block. Symbol j represents a
notation associated with a j-th word line.

The term “ground potential” (or like terms such as
“ground voltage™ or “earth” potential or voltage” is used
conveniently in this specification to denote 2 reference
potential. As will be understood by those skilled in the art,
although such reference potential may typically be zero
potential, it is not essential that it is so, and may be a
reference potential other than zero.

An example of an EEPROM of the present invention is
fabricated by using CMOS manufacturing technologies on a
common chip, in which depletion mode o-channel MOS
transistors each having a threshoid voltage of -2 to -3 volts
(hereinafter referred to as D-type transistors), enhancement
mode n-channel MOS transistors each having a threshold
voltage of about 0.7 volts (hereinafter referred to as o-chan-
nel transistors) and p-channel MOS transistors each having
a threshold voltage of about —0.9 volts (hereinafter referred
to as p-channel transistors) are employed.

FIG. 1 illustrates a schematic block diagram of one
example of an EEPROM according to the present invention.

FIG. 2 is composed of FIG. 2a and FIG. 2b in parallel
relatioaship with each other, and shows, for the convenieace
of illustration, only those elements associated with the k-th
input/output terminal [/Ok, a memory cell array 10, input
and output buffers 26 and 28, a column decoder 30, 2 column
selection circuit 32, a data register and sense amplifier 12
and a transmission transistor array 34-i which is connected
with the memory cell array 10 and constitutes a portion of
a block selection control circuit 18. It should be noted that
elements associated with the remaining input/output termi-
nals are identicai to those associated with the terminal Ok

Referring now to FIGS. 1 and 2, the memory cell ammay 10
of the present EEPROM is composed of NAND cells NU
arranged in 2 matrix form of 1,024 rows and 2,048 columns,
and includes 1,024 memory blocks BK1 to BK1024 divided
in a row direction. Each NAND cell is composed of memory
transistors M1 %0 M8 whose drain-source paths are con-
nected in series between the source of a first selection
transistor ST1 and the drain of a second selection transistor
ST2. Gates of the first and second selection transistors ST1
and ST2 and control gates of the memory transistors M1 to
M8 are respectively connected to first and second selection
lines SL1 and SL2 perpendicular to bit lines BLk-1 to
BLk-256 (k=1,2, ... ,8) and word lines WL1 to WL8. Thus,
the memory transistors M1 to M8 are disposed at intersec-
tions of the word lines WL1 to WLS and the bit lines BLk-1
to BLk-256. Drains of the first selection transistors ST1 are
respectively connected with comresponding bit lines, and
sources of the second selection transistors ST2 are coa-
nected to a common source line CSL. Con: y, the
memory cell array 10 is comprised of memory cells of a total
of 1,024x8x2,048 (=16,777,216), and each memory block is
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comprised of memory cells of a total of 8 x2,048 (=16,384).
The memory cell array 10 is divided into eight column
blocks Bk (k=1,2, . . . ,8) respectively corresponding to
input/output terminals /01 to /08, and each column block
has 256 bit lines or column lines which are parallel in a
column direction. Thus, each column block inciudes
memory cells totalling 256 Kbit (=1,024x256).

The memory cell array 10 is formed on a p-well region in
8 semiconductor substrate. FIGS. 3 and 4 respectively show
a plan view and a cross-sectional view of one of the NAND
cells NU constituting the memory cell armmay 10.

Referring to FIGS. 3 and 4, the semiconductor substrate
72 is of a p-type silicon monocrystalline material which is
cut on the (1,0,0) crystal orientation at an impurity concen-
tration of about 7x10"* atoms/cm®. A p-type well region 76
with an impurity concentration of about 2x10'¢ atoms/cm’
is formed having a depth of about 4um from a main surface
78 of the substrate 72. The well region 76 is surrounded by
a n-type well region 74 of about :0um in depth with an
impurity concentration of about 5x10** atoms/c®. Heavily
doped N* regions 80 to 92 are formed on the main surface
78 of the well region 76 and separated by each of a plurality
of channel regions 94. One part of the N* region 80 is a
contact region connected via a contact hole 96 to a bit line
BL of a metal material, such as an aluminum, which extends
over an insulation layer 112, and the other part of the N*
region 80 also serves as a drain region of the first selection
transistor ST1. The N* regions 82 to 90 serve as common
source-drain regions of two adjacent transistors of transis-
tors ST1, M1 to M8 and ST2. One part of the N™ region 92
is a source region of the second selection transistor ST2, and
the other part of the N* region 92 serves as buried common
source line CSL. However, the line CSL may be a conductor
layer which is insulatively formed within the insulating layer
112 contacting with the N* source region 92 of the transistor
ST2 via a contact hole. Gate layers 98 and 100 of a
refractory metal silicide material, such as & tun, silicide,
cach of which has a thickness of about 1,500A, are respec-
tively formed on gate insulating layers 102 of about 300A
thickness, overlying channel regions of the first and second
selection transistors ST1 and ST2.

Floating gate layers 104 of a polycrystalline silicon mate-
rinlareinmhﬁvelyfamdwithuhieknasofuboutljoo.&
on gate insulating layers 106 of about 100A thickness
overlying channel regions 94 of memory transistors M1 to
M8, respectively. Control gates 108 of the same material and
thickness as the gate layers 98 and 100 are respectively
formed over the floating gate layers 104 interposing inter-
mediate insulating layers 100, such as ONO insulating
layers of silicon dioxide-silicon nitride-silicon dioxide mate-
rials, of about 250A thickness. The gate layers 98 and 100
and the control gate layers 108 are respectively shared by the
first and second selection lines SL1 and SI.2 and word lines
WL1 to WLS, ie. conductor layers which are fabricated
from the same material as the gate and control gate layers 98,
100 and 108. The gate layers 98 and 100, control gate layers
108, floating gate layers 104, the first and second selection
lines SL1 and SL2, and word lines WL1 to WLS arc
insulated from one another with an insulating layer 112 of
insulating materials, such as a silicon dioxide and a BPSG
or a PSG.

The bit line BL is connected with the contact region 80 via
the contact hole 96 and extends in & column direction on the
insulating layer 112. The p-type well region 76 and the
n-type well region 74 are connected to a well electrode 114
in common via contact holes (not shown). An erasing
voltage is applicd to the well electrode 114 in an erasing
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operation, and a reference potential, i.e. ground potential, is
applied to the well electrode 114 in operations except the
erasing operation, i.e. in programming, programming veri-
fication and reading operations. However, the substrate 72 is
always at the reference potential. The memory cell array 10
may also be formed on a p-type well region formed in an
n-type monocrystalline silicon substrate.

Retuming now to FIGS. 1 and 2, the block selection
control circuit 18 sarves to select a predetermined memory
block of the memory blocks BK1 to BK1024, and 1o provide
control signals on control gate lines CGL1 to CGLS froma
control gate driving circuit 20 to word lines WL1to WL8 in
the selected memory block according to various operation
modes, such as the erasing, programming, programming
verification and reading modes. In FIG. 2a, illustration is
made of transfer transistor arrays 34-i constituting a portion
of the block selection control circuit 18. Each of the transfer
transistor arrays 34-i inciudes transfer transistors BT1 to
BT10 for connecting the first and second selection gate lines
SGLi-1 and SGLi-2 and control gate lines CGL1 to CGL8
to the first and second selection lines SL1 and SL2 and word
lines WL1 to WLS, respectively.

According to one feature of the illustrated embodiment of
the present invention, the block selection control circuit 18
renders nonconductive the transfer transistors associated
with unsclected memory blocks in an erasing operation,
thereby causing word lines in unselected memory blocks to
become flcating. In a programming operation, the block
selection control circuit 18 readers conductive the second
transistor ST2 in a selected memory block, thereby charging
the program inhibition voltage from a source line driving
circuit 22 to channels and source and drain junctions of
memory transistors in the selected memoary block.

FIG. § shows a schematic circuit diagram for a block
selection control circuit 18 connected to a transfer transistor
array 3-i of FIG. 2a. For example, in the case of i=2, lines
SGL2-1, SGL2-2 and BSC2 of FIG. § are respectively
connected to lines SGL2-1, SGL2-2 and BSC2 of the
transfer transistor array 34-2 associated with the second
memory block BK2 as shown in FIG. 2a. Thus, it should be
understood that though FIG. § shows, for the convenicace of
illustration, only a single circuit for selecting the ith
memary block BKi, the block selection control circuit of
FIG. § corresponding to each of memory blocks BK1 o
BK1024 resides on the present EEPROM chip as a periph-
eral circuit.

Referring now to FIG. 5, NAND gate 120 is a row
decoder for receiving address signals P1, Ql and Rl and 2
reset signal Xd The address signals P1, QI and R are signals
predecoded by sow address signals from a predecoder (not
shown) for predecoding row address signals A, A} 10 Ay,
A which are eutput from an address buffer for storing &
row address &,, 10 &y from external address input terminals.
The row decoder 120 provides a logic low state of 0 volts
(hereinafter referred to as an “L” state or an “L" level) on a
line 122 when selected, and outputs a logic high state of 5
volts (hercinafter referred to as an “H™ state or an “H™ level)
thereon when unselected. Two input terminals of NAND
gate 124 are connected (o the line 122 and a signal BLK,
respectively. The signal BLK is a coatrol signal for setting
word lines WL1 to WLS 10 the refereace poteatial before or
after the respective operations, as will be discussed herein-
aficr. The output of the NAND gate 124 is connected to the
first selection gate line SGLi-1 and to the block selection
control line BSCI via a current path of D-type transistor 126
for inhibiting the transfer of a high voltage. The gate of the
transistor 126 is connected to a program control signal PGM
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for maintaining an “L” state in a programming operation. A
charge pump circuit 128 is connected with the block selec-
tion control line BSCi for providing, when the line BSQi is
selected, a program voltage V... on the line BSCi by the
pumping of a clock ¢, in the programming operation. The
charge pump circuit 128 is a known circuit comprised of
n-channel transistors 130 and 132 and a MOS capacitor 134.

Two input terminals of NAND gate 136 are respectively
connected with an erase control signal ERA and the line 122.
A transfer gate 148 composed of n-channel transistor 140
and p-channel transistor 142 is connected between the
output of the NAND gate 136 and a connecting node 146.
The gate of n-channel transistor 140 is connected to a control
signal ¢4, and the gate of p-channel transistor 142 is con-
nected to the complement signal of ¢, via an inverter 138.
The current path of n-channel transistor 144 is connected
between the node 146 and the reference potential, and its
gate is connected with a control signal ¢,. The source-to-
drain current path of D-type transistor 150 for preventing the
transfer of a high voltage is connected between the node 146
and the second selection gate line SGLi-2, and its gate is
connected to a control signal WE. A charge pump circuit 152
having the sarne construction as the circuit 128 is connected
to the second selection gate line SGLi-2 for providing a pass
voltage V,,, thereon during the programming operation
when the line SGLi-2 is selected.

FIG. 8¢ is a schematic circuit diagram for generating the
control signals ¢4 and ¢, as used in FIG. 5. In an erasing
operation or mode, ¢ and ¢, &re all in “L" states, and in a
NAND cell charging operation as will be discussed later, ¢4
is in “H" state and &, is in “L” state. In programming
verification and reading operations, ¢, is in “H" state and ¢,
is in “L" state.

FIG. 6 illustrates one of eight control gate driving circuits,
i.c. the j-th control gate driving circuit which constitutes
control gate driving means and is associsted with the j-th
word line. The outputs of the control gate driving circuits are
respectively connected to control gate lines CGL1 to CGLS
which are respectively comected to word lines WL1 to WL8
via transfer transistor arrays 34-i. From the point of view of
reduction of total chip size, it would be preferable that the
control gate driving circuits be provided in common in an
oa-chip peripberal circuit o as to drive ward lines of a
selected memory block according to various operation
modes.

Referring now to FIG. 6, NAND gate 154 is a row
decoder recciving row address signals Ag/Aq, ARy and
A,o/A o from address buffer (not shown). The decoder 154
outputs “L" state upon selection of the line CGLj while
outputting “H™ state upoa unselection thereof. The output of
the decoder 154 and & control signal PVF are respectively
connected to two input terminals of NOR gate 173. An
output signal ¢, of the NOR gate 173 and its complement
signal §, via an inverter 174 are provided to control a tristate
NAND gate 158 and a verifying voitage generator 164. The
control signal PVF maintains an “L” state only in a pro-
gramming verification operation. Thus, in every operation
excepting the programming verification operation, the con-
trol signal PVF stays at “H" level, thereby mingrgje_:ignal
¢, 0 be in an “L” state while causing the signal 100, to be
in an “H” state. In the programming verification operation,
if the line CGLj is selected, $, becomes “H™ state and its
complement §, becomes “L” state while, if the line CGLj is
unselected, $, becomes “L™ state and ¢, becomes “H” state.
NAND gate 156 inputs the output of the decoder 154 and
control signals DS and ERA, respectively. Two input termi-
nals of the tristate NAND gate 158 are respectively con-
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nected 10 an output line 160 of the NAND gate 156 and the
control signal PGM. The tristate NAND gate 158 illustrated
in FIG. 8b is cnabled in response to ¢, at “L” level and
$, at “H" level while becoming high impedance with ¢, at
“H" level and &, &t “L” level Thus, in the programming
verification operation, the NAND gate 158 stays in the high
impedance state only at the time when the line CGL;j is
selected. The output of the NAND gate 158 is connected to
a connecting node 162 to which the verifying voltage
generator 164 is connected.

The verifying voltage generator 164 is comprised of a
p-channel transistor 166 and n-channel transistors 168, 170
end 172 whose current paths are connected in series between
the power supply voltage Vec and the reference potential.
The gate of the p-channel transistor 166 is connected to a
chip enable signal CE, and gates of the transistors 168 and
170 are connected to the signal $, from the NOR gates 173,
Drain and gate of the transistor 172 are connected in
common. The verifying voltage generator 164 is enabled by
é, at “H” level only in the programming verification opera-
tion, thereby producing a verifying voltage of about 0.8 volts
to the connecting node 162. Connected between the con-
necting node 162 and the coatrol gate line CGLj is the
source-to-drain current path of D-type transistor 176 for
inhibiting the transfer of a high voltage, the gate of which is
connected to the control signal PGM.

Two input terminals of NAND gate 178 are respectively
connected to the output of the NAND gate 156 and the clock
4, from a ring oscillator (not shown). Between the output of
the NAND gate 178 and the gate of a driving n-channel
transistor 182 is connected a charge pump circuit 180 which
has the same construction as the above-mentioned charge
pump circuit. Drain and source of the transistor 182 are
connected to the program voltage V. and the control gate
line CGLj, respectively. Inverter lﬁrmceivu the program
control signal PGM, and the current path of D-type transistor
192 for preventing the transfer of a high voltage is connected
between the output of the inverter 190 and the gate of the
transistor 182 which is connected to the control signal PGM.
As will be discussed hercinafter, a circuit 196 which is
comprised of NAND gate 178, the charge pump circuit 180
and the driving transistor 182 provides means for supplying
the program voltage V, ., to the control gate line CGLj
when the line OGL] has een sclected by row address signals
AdRq, AyAq and A,ofA g in 2 program mode.

Two input terminals of NOR gate 188 are respectively
connected to the output of the NAND gate 156 and the clock
6, Between the output of the NOR gate 188 and the gate of
a driving n-channel transistor 184 is connected a charge
pump circuit 186. Drain and source of the transistor 184 are
respectively comnected to the pass voltage V,,, and the
control gate line OGLj. Betweea a connecting node 202 and
the gate of the transistor 184 is connected the current path of
D-type transistor 194 for preventing the transfer of a high
voltage, the gate of which is connected to the control signal
PGM. As will be discussed hereinafter, a circuit 200 which
is comprised of NOR gate 188, the charge pump circuit 186
and the driving transistor 184 provides means for supplying
the pass voltage V,, to the control gate line CGLj when the
line CGLj is selected by the row address signals in the
program mode.

FIG. 7 shows a schematic circuit diagram of a source line
driving circuit which is coanected in commen to the com-
mon source line CSL as shown in FIG. 2a. The source line
driving circuit 22 is composed of an inverter 204 whose
input terminal is connected to the control signal PGM, a
D-type iransisior 206 whose current path is connected
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between the output terminal of the inverter 204 and the
common source line and whose gate is connected to the
control signal PGM, and a charge pump circuit 208 con-
nected to the common source line CSL. The charge pump
circuit 208 serves to boost the common source line t0 a
program inhibition voltage V,, in the program mode.

The input/output buffer 16 is comprised of the input buffer
26 and the output buffer 28 which are each connected to
input/output terminals. The input buffer 26 connected w0
each of input/output terminals /O1 to /O8 is a conventional
circuit for converting a byte of data (8-bit data) therefrom to
CMQS level data and temporarily storing it. Cutput buffers
28 are conventional circuits to simultaneously output 8-bit
data read out from the corresponding column blocks to the
corresponding input/output terminals.

The column decoder and selection circuit 14 of FIG. 2b is
comprised of the column decoder 30 and the column selec-
tion circuit 32. The column selection circuit 32 associated
with each of the column blocks is comprised of transfer
transistors T1 to T256, source-to-drain paths of which are
respectively connected between a common bus line CBLk
and lines DLk-1 to DLk-256. Gates of the transfer transistors
T1 to T256 are respectively connected to paralle! lines TL1
to TL256 which are connected to the column decoder 30.
The column decoder 30 selects one of the lines TL1 to
TL256 in response to column address signals from address
buffers (not shown), thereby rendering conductive transfer
transistors connected with the selected line.

The data register and sense amplifier 12 is connected
between the lines DLk-1 to DLk-256 and bit lines BLk-1 to
BLk-256 which are associated with the corresponding col-
umn block, as shown in FIG. 25. In series between the bit
lines BLk-1 to BLk-256 and nodes 36 are respectively
connected drain-to-source paths of D-type transistors 38 and
40. Gates of the D-type transistors 38 are connected to the
power supply voitage Vcc to prevent the transfer of high
voltages induced on the bit lines BLk-1 to BL.k-256 in a
block erasing operation. Gates of the D-type transistors 40
are connected (o a control signal ¢, staying at “H” level of
about 5 volts during programming. Betweea the nodes 36
and nodes 42 are respectively counected drain-to-source
paths of n-channel transistors 44. Gates of the transistors 44
arc coanected (o 2 control line SBL staying at “H™ level
during programming. Between the nodes 42 and nodes 46
are respectively coanected latches PBk-1 to PBk-256 con-
stituting the data register which is referred to as a page
buffer. Each of the latches is ised of two inverters
cross connected. The latches PBk-1 to PBk-256 serve not
only as a page buffer for temporarily storing data so as to
simultaneously write the data into memory cells via respec-
tive corresponding bit lines in a programming operation, but
also as verifying detectors for determining if the program
was well performed in & programming verification operation
and as sense amplifiers for sensing and amplifying data on
bit lines which is read out from memory cells in a reading
operation. A tristate inverter 48 and an n-channel transistor
49 are connected in parallel between each of the nodes 42
and its corresponding one of the lines DLk-1 to DLk-256.
Each tristate invérter 48, which is referred to as a clocked
CMOS inverter, is enabled by a coatrol signal ¢, at “H” level
while becoming high impedance by the signal ¢, at “L"
level. Thus, each of the inverters 48 serves as a buffer amp,
being enabled in programming verification and reading
operations. N-channel transistors 49 whose gates are con-
nected to a control signal ¢ are transfer transistors for
transferring input data to the corresponding latches PBk-1 o
PBk-256 in a programming operation. The tristate inverter
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48 which is used in the present embodiment is illustrated as
a schematic circuit diagram in FIG. 8a. Between each of
nodes 46 and the reference potential are serially connected
current paths of n-channel transistors 50 and 52. Gates of the
transistors 52 are connected to a control signal ¢, staying at
“H" level during a verification sensing period in a program-
ming verification operation and during a read sensing period
in a read operation. Gates of the transistors 50 are respec-
tively connected to the nodes 36, and drain-to-source paths
of n-channe! tramsistors 37 are respectively connected
between the nodes 36 and the reference potential. Gates of
the transistors 37 are connected in common to a line DCB to
which a control signal is applied to cause bit lines to be
discharged after completion of erasing and programming
operations and to reset the daia register to “L” state, i.e. “0"
data prior to a reading operation.

The data register and sense amplifier 12 includes a
constant current source circuit 33, which is referred to as a
current mirror, according o the present embodiment. The
constant current source circuit 33 comprises a reference
portion 64 which is enabled in programming verification and
rcading operations and disabled in erasing and programming
operations; and current source portions 66 comprised of
p-channel transistors 54 whose drain-to-source paths are
respectively connected between gates of the transistors S0
and the power supply voltage Vec. The reference portion 64
is comprised of p-channel transistors 56 and 58 and n-chan-
nel transistors 60 and 62 to serve as a refereace for the
current source transistors 54. Source-to-drain paths of the
p-channel transistors 56 and 58 are connected in parallel
between the power supply voltage Ve and a line 68, and the
gate of the p-channel transistor 58 is connected to the line
68. Drain-to-source paths of the n-channe! transistors 60 and
62 are connected in series between the line 68 and the
reference potential. The gate of the n-channel transistor 60
is connected to a reference voltage V. of about 2 volts.
Gates of the transistors 56 and 62 arc connected (o a control
signal ¢,, and gates of the current source transistors 54 are
connected to the line 68. Thus, in programming verification
and reading operations, the current source transistors 54
connected to the reference portion 64 which is eaabled by
the control signal ¢, serve o provide a constant current of
about 441A to bit lines BLk-1 to BLk-256.

A programming determination circuit 24 of FIG. 1 is
connected via lines 70 to lines DLX-1 to DLk-256 of FIG. 2b
to serve to determine if every programmed memory tran-
sistor reaches the range of desired threshold voltages in a
programming verification operation.

FIG. 9 shows a schematic circuit diagram of the program-
ming determination circuit 24. It should be noted that the
circuitry of FIG. & is a portion of the programming deter-
mination circuit 34 sssocisted with the k-th column block
CBk, and eight circuits corresponding to the respective ones
of column blocks present as a peripheral circuit on the
on-chip EEPROM. A circuit shown in FIG. 9b is a summa-
tion circuit to perform a summation function for providing
an “L" level when any one of signals FP1 to FP8 is “L”
level. Referring to FIG. 9a, drain-to-source paths of n-chan-
nel transistors 212 to 216 are connected in parallel between
a linc 210 and the reference potential, and gates of the
transistors 212 o 216 are respectively connected to lines 70
of FIG. 2b. Current paths of p-channel transistors 218 and
D-type transistor 220 are connected in series, and the gate of
the transistor 218 is connected to & control signal SUP
staying at “L” level in a programming verification operation
while the gate of the transistor 220 is connected to the line
210. The transistors 212 to 220 constitute 28 NOR gate 234,
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Two input terminals of NOR gate 222 are respectively
connected to the line 210 and a control signal SFP which
becomes “L" state only upon a verifying check. The input of
an inverter 224 is connected to the output of the NOR gate
222, and the output terminal of the inverter 224 outputs FPk.
The summation circuit 236 of FIG. 9% is comprised of
NAND gate 226 connected to lines FP1 to FP4; NAND gate
228 connected with signals FP5 to FP8; and NOR gate 230
connected to outputs of the NAND gates 226 and 228.

Referring now to the iming charts of FIG. 10 to FIG. 12,
an explanation will be given of operations and features of the
first embodiment sbown in FIGS. 1t0 9.

Block Erasing Mode

In a block erasing mode, the data register and sense
amplifier 12, the column decoder and selection circuit 14,
the input/output buffer 16 and the programming determina-
tion circuit 24 are all in off states. Explained in more detail,
the column decoder 30 of FIG. 2b is reset, thereby rendering
transfer transistors T1 to T256 nonconductive. Control sig-
nals ¢, to ¢, and signals on lines DCB and SBL are held in
“L" states, so that the data register and sense amplifier 12
become nonconductive. The control signal SUP of FIG. 9a
is held in “H™ state, and the programming determination
circuit 24 is thereby nooconductive. The source line driving
circuit 22 provides “L" state, ie. the reference potential of
0 volts on the commoa source line CSL by PGM staying at
“H" level.

Now, an explanation will be given in conjunction with the
timing chart of FIG. 10, assuming that simultanecus block
erasing is performed on data stored in memory transistors in
the memory block BK1.

The time interval betweea t, and t, is a period for
discharging all word lines WL1 to WLS to the reference
potential. During this period, NAND gate 124 of FIG. §
retains “H" level with the control signal BLK at “L" level,
and D-type traasistor 126 is conducting with PGM at “H”
level. Thus, the block selection control line BSG stays at
“H” level of S5 volts. At this time, the charge pump circuit
128 is in 2 nonconducting state. Consequeatly, in this period,
all of the block selection coatrol lines BSC1 to BSC1024
maintain the potential of 5 volts. On the other hand, in this
period, since control signals PVF and PGM stay at “H”
levels and the control signal ERA is at “L" level, the outputs
of NAND gate 156 and tristate NAND gates 158 remain at
“H" level and “L" level, respectively. At this time, the
tristate inverter 164 is in a high impedance state, Thus, the
control gate line CGLj stays at “L” level of O volts via
turned-on D-type transistor 176. Consequently, all of the
coatrol gate lines CGL1 to CGLS maintain “L" level during
this period. Transfer transistors BT1 to BT10 are ail turned
on by the potential of the block selection control lines BSC1
to BSC1024 of 5 volts, and word lines WL1 to WLS are all
discharged to the reference potential.

The time duration between t, and t, is a period to erase all
memory cells in only a selected memory block. At time by,
the decoder 120 receives address signals P1, Ql and Rl which
are all at “H” levels to select the memory block BK1, and the
output of the decoder 120 thereby goes to “L" level. Thus,
the output of NAND gate 124 goes to “H" level. Conse-
quently, the block selection control line BSC1 correspond-
ing to the selected memory block BK1 remains at the
potential of § volts during the period between t, and t,.
However, decoders 120 associated with unselected memory
blocks BK2 to BK1024 output “H" levels since at least one
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of the address signals P1, Q! and Rl is “L" level. Conse-
quently, block selection control lines BSC2 1o BSC1024
associated with the unselected memory biocks go to the
reference potential of 0 volts. Thus, transfer transistors in the
transfer transistor array 34-1 are all turned on, and word
lines WL1 to WLS8 in the memory block BK1 thereby go to
the reference potential. However, since the transfer transis-
tor arrays 34-2 to 3-1024 connected with unselected memory
blocks BK2 to BK1024 are all tumned off, word lines
associated therewith go to floating states.

At time t,, the erase voltage Vera of about 20 volts is
applied to the p-type well region 76 and the n-type well
region 74 via the well electrode 114 of FIG. 4. During the
time interval between t, and t,, i.¢. during the time period of
about 10 msec, floating gates of memory transistors in the
selected memory block BK1 accumulate holes by means of
the F-N tunneling which is generated by the application of
the erase voltage Vera to their channel, source and drain
regions and that of the reference potential to their controi
gates. Thus, all of the memory transistors in the memory
block BK1 are changed into D-type transistors having
threshold voltages of about -3 volts. That is, all memory
transistors in the memory block BK1 are erased to binary
zero data

However, in the case whea the erase voltage V., is
applied to the p-well and N-well regions 76 and 74 via the
well electrode 114 at time t,, since word lines in unselected
memory block BK2 to BK1024 are then in fioating states,
the word lines are thereby charged to substantially the erase
voltage Vera by a capacitive coupling. Thus, the charged
voltage of the word lines in the unselected memory blocks
sufficiently reduces the electric field between the channel
region and the control gate of each memory transistor such
that its erasure can be prevented. The inventors have dis-
covered that word lines in unselected memory blocks were
charged to an amount of 80 to 90 perceat of the erase voltage
V o a0d data of programmed memory transistors in the
unselected memory blocks was not destroyed or disturbed.
Thus, in the block erasing of the present embodiment, since
it is unnecessary to apply the program inhibition voltage
from a voltage boosting circuit to word lines in unselected
memory blocks, a reduction of the area occupied by the chip
as well a3 the preveation of power coosumption the area can
effectively be accomplished. Moreover, the preseat inven-
tion has an advantage of increasing effective memory array
area whilst reducing peripberal circuit area on a chip surface
of a fixed size. This results in increasing the memory
capacity of the EEPROM.

In the above-mentioned block crasing operation, the erase
voltage applied 10 the well electrode 114 is coupled as well
oa the fioated word lines as on floated bit lines. Thus, the bit
lines are also charged to the erase voltage of about 20 volts
in the block erase operation. To prevent voltage-induced
stress on transistors 40 of FIG. 2b due to the charged erase
voltage, D-type transistors 38, whose gates are connected to
the power supply voltage Vec, are respectively connected
between bit lines BLk-1 to BLk-256 and the transistors 40.

During the block erasing operation between 1, and t,, the
first selection line SL1 of the selected memory block BK1
maintains a potential of about 4.3 volts, and the second
selection line SL2 of the block BK1 is in a floating state
since control signals ¢ and ¢, are at “L” levels, thereby
rendering transistors 140 to 144 of FIG. 5 nonconductive.
The floating state of the second selection line SL2 thereof
prevents current flowing via the line SL2 from the well
electrode 114 when one or some of the second selection
transistors ST2 thereof failed. During the block erasing
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operation, the voltage relationship of significant portions of
selected and unselected memory blocks can be summarized
in the following TABLE 1.

TABLE |
Voltage States Voluage States
For Selected Far Unselected
Memory Block  Memory Blocks
First Selection Line SL!I 43V (A4
Word Lines WL1 to WL8 ov Approximately 20 V
Second Selection Line SI2  Floating Floating
Well Electrode 0V 0V

Tumning to FIG. 10, the time duration between t, and t, is
a period 1o discharge the charged voltage on bit lines and
word lines. At time t,, the block erasing operation terminates
and the erasc voltage Vera goes, to the reference potential
while control signals WE and ERA goto “H" level. Between
1, and ¢, the output of NAND gate 156 stays at “H" level
with the control signal DS at “L™ level. Thus, the output of
NAND gate 158 goes to “L" level with the control signal
PGM at “H" level. Consequently, control gate lines CGL1 to
CGLS maintain “L” levels between t; and t,. During this
period, the output of NAND gate 124 of FIG. § stays at “H"
level with the control signal BLK at “L” level. Thus, each of
the block selection control lines BSC1 to BSC1024 goes to
a potential of 5 volts. Consequently, all transfer transistors
BT1 to BT10 are turned on, and all word lines WL1 to WL8
are discharged to the reference potential. On the other hand,
the first and second selection lines SL1 and SL2 are also
discharged to a poteatial of 5 volts.

At time t,, the line DCB goes to “H" level and ¢, aiso
goes to “H" level. Thus, the erase voltage charged on bit
lines discharges to “L” level via transistors 37 shown in FIG.
2b

At time t,, control signals BLK and DS go to “H" levels
and X_goes to “L" level. Thus, NAND gate 120 of FIG. §
goes to “H" level, and the first and second gate lines SGLi-1
to SGLi-2 and block selection control lines BSCI go to the
reference potential.

Program Mode

The present EEPROM performs a data loading operation
to store data input via inputoutput terminals into dam
latches PBX-1 to PBk-256 prior to & programming operation
after an erasing operztion.

Data loading operation is accomplished prior to & time t,
of FIG. 11. During the data loading operation, coatrol
signals Xd, ¢2, ¢, and ¢, program voltage V., pass
voltage V., p-well region 76, program inhibition voltage
V, and lines SBL and DCB stay at "L” levels, and control
signals WE, PGM, SLE, BLK, DS, ERA, PVF, SUP ¢, 45
and ¢, are at “H" levels. As can be seen in FIG. S, since Xd
is “L" level and BLK, ERA, SLE, WE and PGM are all “H”
levels, block selection gate lines BSC1 to BSC1024 stay at
“L* Jevels, thereby rendering transfer transistor arrays 34-1
to 34-1024 nouconductive. With the line SBL at “L" level,
connection of data laiches PBKk-1 to PBk-256 to bit lincs
BLX-1 to BLk-256 is inhibited. The constant current circuit
33 and tristate inverters 48 of FIG. 2 are in nonconducting
states with signals ¢, and ¢, at “L” levels.

Addrusinpuningwexmalnddreuinpmm!mhis
composed of row address 2, 10 85 and column address &, to
a,. The row address aq 10 8, inputs to sclect one of memory
blocks and oge of the word lines during the data loading
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operation so0 a8 to write data on all bit lines into memory
cells at onc time, i.e., the perform a page program in the
programming operation after the completion of the data
loading operation. The column address a4 to a, is address
signals having 256 cycles during the data loading operation.
The column decoder 30 of FIG. 25 responds to the column
address of 256 cycles based oa the toggling of external write
cnable Signal WE, to render transfer transistors T1 to T256
conductive in sequence. At the same time, input buffer 26
comresponding to the respective column blocks sequentially
outputs data input to the corresponding input/output termi-
nal in response to the toggling of WE,. Thus, output data
from the respective input buffers 26 is stored in sequence
into data latches PBk-1 to PBk-256 via sequentially turned-
on transfer transistors T1 to T256 and corresponding transfer
transistors 49.

After the above-mentioned data loading operation, the
programming operation is started. One characteristic feature
of the present embodiment is that the programming opera-
tion includes the NAND cell charging operation.

For the convenience of explanation of the programming
operation, it is assumed that data stored in the data latches
is to be writtcn into memory transistors M, connected to a
word line WL4 in the memory block BK1.

The programming operation is performed during the time
period between t, and t, as shown in FIG. 11. During this
period, p-well region 76, signals WE, PGM, &, ¢,, §, and
5 and the line DCB stay at “L" levels while signals Xd,
BLK, DS, ERA and ¢, and the line SBL are al! at “H™ levels.
The clock ¢, the program voltage V,,,,, (=18 volts), the pass
voltage V,, (=10 volts) and the program inhibition voltage
V (=7 volts} are supplied during this period. On the other
hand, the row address a4 10 8, which is inputted during the
above-meationed data loading operation, is latched in the
address buffer (not shown). Address signals P1, Ql and Rl
which arc generated by predecoding address signals A,,,
A 10 Ay, Ay of the latched address, zre input 1o the
decoder 120 of FIG. 5. Address signals A; A5 t0 A oA g Of
the latched address are input to the decoder 154 of FIG. 6.

At time t,, the control signal Xd goes to “H" level, and
address signals Pl, QI and Rl selecting the memory block
BKI1 are input to the NAND gate 120 of FIG. 5. Thex, the
output of the gate 120 goes to “L" level, and outputs of
NAND gates 124 and 136 go to “H™ levels. Thus, the first
selection gate line SGLi-1 goes to a potential of S volts, and
the block selection control line BSC1 is boosted to the
pmgxmvolu;evn.oflsvolubythepmnpingopenﬁon
of the charge pump circuit 128. On the other hand, the
second selection gae line SGL1-2 is boosted to the pass
voltage V,,, of 10 volts by the pumping operation of the
charge pump cirewit 152 with “H™ level transferred via
transfer transistors 140, 142 and 150. Each decoder 120
associated with unselected memory blocks BK2 to BK1024
goes 0 “H" level, and the output of each NAND gate 124
corresponding thereto goes to “L” level. Thus, uaselected
block selection control lines BSC2 to BSC1024 go to a
reference potential of O volts.

At time ¢,, the program control signal PGM goes to “L"
level and the common source line CSL, which is the output
line of the source line driving circuit 22 of FIG. 7, is boosted
10 the program inhibition voltage V. That is, if PGM goes
10 “L" level, the common source line CSL goes to the
absolute value, for example 2 to 3 voits, of the threshold
voltage of D-type transistor 206 and is thereby boosted to the
program inhibilion voltage V,, by means of the charge pump
circuit 208.
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As previously mentioned, since address signals Ag.A; to
A,,KE selecting the word line WL4 were input to the
decoder 154 of FIG. 6 in the previous data loading operation,
the output of the decoder 154 associated with CGLA4 is at *“L"
level, and the outputs of the decoders 154 associated with
unselected word lines WL1 to WL3 and WLS to WLS are at
“H" levels. Thus, the output of NAND gate 156 associated
with the selected word line W14 is at “H” level, and the
output of NAND gates 156 associated with the unselected
word lines are at “L" levels. At time t;, the clock ¢, is
generated. Then, NAND gate 178 and NOR gate 188 asso-
ciated with the selected word line W14 respectively output
the clock ¢, and “L" level, thereby providing the program
voitage Vpgm on the selected control gate line CGLA. On
the contrary, NOR gates 188 associated with unselected
word lines output the clock ¢,, thereby providing the pass
voltage V,,,, on unselected control gate lines CGL1 to CGL3
and CGLS to CGLS.

At time t,, the line SBL goes to “H™ level. Thus, transfer
transistors of FIG. 2b are all tumned on so as to transfer data
stored in laiches PBk-1 to PBk-256 to corresponding bit
lines BLk-1 to BLk-256. All memory transistors of the
selected memory block BK1 in the previous block erase
mode were erased to “L™ levels, i.c. logic “0” data In the
data loading operation after a block erasing mode, latches
corresponding to memory transistors which are to write “H”
levels, ie. logic “1™ data were stored to “L” level, i.c. logic
“0" data while latches corresponding t0 memory transistors
which are to write logic “0" data were stored to logic “1”
data. For the convenience of explanation, assume that logic
“1" data is written into a memory transistor 240 which is
connected to the selected word line WLA and bit line BL1-2
of memory block BK1 in the first column block CB1 of FIG.
2a while logic “0” data is written into the remaining memory
transistors connected to the word line WL4 thereof. Then,
the latch PB1-2 has already stored logic “0™ data while the
remaining latches have already stored logic “17 data in the
data loading operation. Thus, after time t,, the conduction of
transfer transistors 44 canses the bit line BL1-2 to go to “L”
level and the remaining bit lines to go to “H” levels of §
volts.

Consequently, during the time duration between t, and t,,
the transfer transistor array 34-1 of FIG. 2a is conducting,
and the first and second selection lines SL1 and SL2 in the
selected memory block BK1 respectively maintain § volts
and V,, (=10 volts) while the selected word line WLA and
unselected word lines WL1 to WL3 and WLS to WLS
maintain V,, ., (=18 volts) and V,, respectively, During the
programming operation, since the common source line CSL
maintains the program inhibition voltage V,, (=7 volts), the
second selection transistor ST2 and memory transistors M1
to M8 in the block BK1 are all turned on, and the first
selection transistor 242 connected to the bit line BL1-2 is
turned on while remaining first selection transistors exclud-
ing the transistor 242 in the block BK1 are tumed off. Thus,
current paths of memory transistors in the NAND cell
including the memory transistor 240 are connected with the
bit line BL1-2, and channels of the memory transistors and
the respective junction capacitor of their sources and drains
are thereby discharged to a reference potential of 0 volts.
However, first selection transistors ST1 associated with
memory transistors which are to write logic “0” data are
turned off, and channels of memory transistors in the NAND
cells associated therewith and the respective junction capaci-
tors of their sources and drains are charged to the program
inhibition voltage V,, (=7 volts). Thus, during the time
period of about 100 psec between tl and 12, a NAND cell
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charging operation associated with memory transistors
which are programmed to logic “0" data is carried out.

Turning to FIG. 11, the time duration between t, and Ly,
i.e. the period of about 2 msec, is a period to perform
substantial programming. At time t,, the signal SLE goes to
“H" level and, s can be seen in FIG. 8¢, ¢4 goes from “H”
level to “L" level while $, goes from “L" level to “H” level.
Thus, transistors 144 of FIG. § are turned on, thereby
causing all of second gate lines SGLi-2 to be connected with
the reference potential. Thus, all of second selection tran-
sistors ST2 in the selected memory block BK1 are tumned
off. During this period, the program voltage V., of about
18 volts is applied on the word line WLA in‘the selected
memory block BK1, and source, drain and channel of the
memory transistor 240 are applicd to O volts. Thus, the
floating gate of the transistor 240 is accumulated with
electrons by the F-N tunneling, thereby causing the transis-
tor 240 to be changed into an enhancement mode transistor
having a threshold voltage of about 0.8 volts. However,
since junction capacitors of sources and drains of memory
transistors excepting the transistor 240 and their channels
are charged to the program inhibition voltage V. injection
of electrons into floating gates of these transistors is inhib-
ited and these transistors remain as depletion mode transis-
tors storing logic “0” data. That is, NAND cells associated
with memory cells which are programmed to logic “0” data
are blocked from connection to corresponding bit lines by
the above-mentioned NAND cell charging, thereby being
prevented from writing.

As discussed above, the voltage relationship of significant
portions during the NAND cell charging and the program-
ming operation can be summarized in the following TABLE
2.

TABLE 2
Voltage States Voltage States
During NAND Duiu.
Cell Programming

First selection Line SL1 5V 5V
0Of Selecied Memory Block
Unselected Word Lines Vem=10V V=10V
Of Selected Memory Block
Selected Word Line Of Vou =18V Vogun =13V
Selected Memory Block
Second Selection Line SL2 Via=10V oV
Of Selected Memory Block
Common Source Line CSL Vus7V V=1V
Well Electrode oV oV

The time peiod between t, and ty, Le. the peciod of 500
nsec, is a period to discharge the boosted voltage on the bit
lines and the woed lines. At time t,, control signals WE and
PGM and the line DCB go to “H" levels, and control signals
BLK and DS, voitages V.., V., 80d V,, and the line SBL
£0 to “L" levels of 0 voits. The clock ¢, stops pulsing to be
fixed at “H" level at the time t,. On the other hand, during
this period, 4, maintains “H"” level and ¢, and ¢, maintain
“L.” levels. Thus, the source line driving circuit 22 outputs
the refereace potential on the common source line CSL.
Control gate lines CGL1 to CGLS of FIG. 6 go to a potential
of O volits, and block selection control lines BSC1 to
BSC1024 of FIG. § go to 8 potential of 5 volts. This results
in causing all word lines to be discharged to the reference
potential, At time t,, Xd goes to “L" level and BLK and DS
go to “H" levels. Thus, during the time period between t,
and t,, block selection coatrol lines BSCi and first and
second selection gate lines SGLi-1 and SGLi-2 go o the
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reference potential. On the other hand, since the line DCB
and the signal ¢, are at “H" levels during the time period
between t, and ty, the boosted voltages on the bit lines are
discharged to the reference potential via transistors 37. At
time t, the signal ¢, goes to “L" level.

Programming Verification Mode

The programming verification mode is performed imme-
diately after the programming mode. The programming
verification operation of the present inveation is similar to
the reading operation as will be discussed later. The differ-
ence as compared with the reading operation is that the
voltage applied to a selected word line is a2 minimum
threshold voltage which is to be writtea into memory
transistors. This minimum threshold voltage will be referred
to as a programming verification voltage. It is assumed that
the programming verification voltage is 0.8 volts in the
present embodiment.

The programming verification operation is carried out
immediately after time t, in FIG. 11, and a timing chart of
the programming verification operation is of the time period
between t, and t, as shown in FIG. 12. At the initiation of
the ing verification, ie. at time ty of FIG. 11 or
time , of FIG. 12, control signals Xd, ¢, and ¢, go to “H”
levels and signals ¢, PVF and SUP and the line DCB go to
“L” levels. Thus, during the programming verification
operation, control signals WE, PGM, SLE, Xd, BLK, DS,
ERA, ¢, and ¢, and the clock ¢, maintain “H” levels, and
voltages V,, ., V,,, and V,,,, lines SBL and DCB and coatrol
signals &,, 65, PVF and SUP maintain “L" levels.

It is now assumed that the programming verification
operation is performed to determine if a memary transistor
240 of FIG. 2a which was written to a logic “1” data in the
previous prognmming mode was programmed with a
desired minimum threshold voltage.

Where a2 command for executing a programming verifi-
cation after completion of programming operation is input to
EEPROM from the microprocessor via input/output termi-
nals or other terminals or where & programming verification
operation is automatically carried out after a programming
operation, data stored into latches PBk-1 to PBk-256 in the
programming operation is succeeded without reset by the
programming verification operation. Thus, at the beginning
of the programming vesification operation, the latch PB1-2
is storing logic “0” data and the remaining latches are storing
logic “1” data.

At time t, of FIG. 12, the control signal Xd goes to “H"
level and the decoder 120 of FIG. 5 then outputs “L” level
in response to address signals P1, Ql and Rl designating the
memory block BK1. Then, since ¢, and ¢, respectively
maintain “H” level and “L” level, first and second selection
lines SGLi-1 and SGL1-2 and the block selection control
line BSC1 go to “H™ levels of 5 volts.

AL time t,, the control signal PVE goes to “L" level and
address signals Ay/Aq 10 A,o/A g designating the word line
WLA are fed to the decoder 154 of FIG. 6. Then, NAND gate
158 becomes of high impedance and the verifying voltage
generator 164 provides the verifying voltage of 0.8 voits on
the control gate line OGLA. However, each decoder 154
associated with unselected word lines WL1 to WL3 and
WLS to WLS output “H" levels. Then, the verifying voltage
gml“bwomhighimpedanccmmmlss
outputs “H™ level. Thus, control gate lines CGL1 o OoGL3
and CGLS 1o CGLS go to “H" level of 5 volts. On the other
hand, since PGM maintains “H” level at t,, the source line
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driving circuit 22 of FIG. 7 provides the reference potential
on the common selection line CSL.

Conscquently, the transfer transistor array 34-1 of FIG. 22
is conductive and the first and second selection lines SL1
and SL2 and unselected word lines WL1 to WL3 and WLS
10 WLS go to the potential of § volts while the selected word
linc WL4 goes to the potential of 0.8 volts. Thus, transistors
connected with the selection lines SLI and SL2 and the
unselected word lines are turned on.

At time t,, the control signal ¢y goes to “H" level, thereby
causing the constant current circuit 33 of FIG. 2b t0 be
enabled. Thus, the constant current transistors $4 supply
constant current of abont 4pA to bit lines via connecting
nodes 36 and transistors 40 and 38.

Assumie that the programmed memory transistor 240 has
failed to program, i.e. the threshold voltage of the transistor
240 was below the program verifying voltage of 0.8 volts.
Then, the transistor 240 is turned on and the bit line BL1-2
connecied thereto goes to the reference poteatial of 0 volts.
Since all transistors of NAND cells in the memory block
BK1 which are connected with bit lines excluding the bit
line BL1-2 are tumed on, the bit lines also go to the
reference potential. The period of time when word lines
WL1 to WLS and bit lines are established to the predeter-
mined voltages in such a manner is a period of about 2sec
between I, and t, of FIG. 12.

The time period between ty and , of FIG. 12, i.e. the
period of about SO0 nsec, is for verification sensing. The
control signal ¢, goes to “H” level at time ty, and transistors
52 of FIG. 2b are thereby tumed on. The transistor 50 whose
gate is connected with the bit line BL1-2 via transistors 38
and 40 is turned off by the refereace potential on the bit line
BL1-2, thereby causing the latch PB1-2 to maintain logic
“0" data Similarly, since other bit lines are also at the
teference potential, transistors 50 associated with these bit
lines are turned off and latches excepting the latch PB1-2
thereby maintain previously stored logic “1” data. Verifica-
tion scnsing data stored in the latches PBk-1 to PBk-256 by
the above-mentioned verification sensing operation is con-
nected to gates of transistors 212 to 216 of FIG. 9a via
turned-on inverters 48 and lines 70. Thus, the “L™ level
verification sensing data stored in the latch PB1-2 is sup-
plied via ing inverter 48 to the gate of transistor
214 which constitutes NOR gate 234 of FIG. 9a associated
with the first column block CBL, thereby rendering the
transistor 214 conductive and causing the line 210 to be
discharged 10 the reference potential. Consequently, since
the signal SFP goes to “L” level only when the programming
verification is checked, FP1 goes to “L” level. However,
since latches in other colunm blocks CB2 to CBS store “H”
levels, transistors 212 to 216 of NOR gate 234 correspond-
ing to each one of the blocks CB2 to CB8 are in noncon-
ductive states. Thus, each line 210 maintains “H" level by
means of pull-up transistors 218 and 220 and FP2 to FP8
thereby stay at “H™ levels. Thus, the output line 232 of the
summation circuit 236 of FIG. 9b goes from “H™ level to “L.”
levet. This represents that the memory transistor 240 was
undesirably programmed. That is, it is checked that the
threshold voltage of the memory transistor 240 did not reach
at a preset minimum threshold voltage. A program determi-
nation signal PDS on the line 232 is coanected to a timing
circuit (not shown) which generates timing signals between
1, and t5 as shown in FIG. 11 s0 as to perform a -
ming in response o the signal PDS being at “L" level. That
is, reprogramming operation is sutomatically performed. It
would be noted that the reprogramming operation of the
present embodiment may sutomatically be performed by the
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internal circuit of the present EEPROM without request of
either reprogramming control or reloading of data from a
microprocessor. However, if necessary, the microprocessor
may control the reprogramming operation in response to the
signal PDS from one of the input/output terminals of the
present EEPROM chip.

Assuming that the memory transistor 240 reached the
desired threshold voltage of 0.8 volts by the repregramming
operation, then the transistor 240 is in a nonconductive state
during the programming verification operation performed
after the reprogramming operation. Thus, the bit line BL1-2
is charged to the potential of about 2 to 3 volts by the
coastant current supplied via the constant current transistor
§4, thereby rendering conductive the transistor 50 connected
with the bit line BL1-2. Consequently, the verification
sensing data of latch PB1-2 is changed from logic “0" data
to logic “1” data. As previously discussed, other latches are
storing logic 1" verification sensing data. Thus, all of the
latches PBk-1 to PBk-256 store logic “1” verification sens-
ing data That is, if all memory transistors were well
programmed in the page programming operation, verifica-
tion sensing data stored in the latches is changed into logic
“1". Then, transistors 212 to 216 constituting NOR gates 234
of FIG. 9a are ail turned off, and signals FP1 to FP8 go to
“H” levels with the signal SFP at “L" level during the check
of programming verification. Consequently, the summation
circuit 236 of FIG. 9b outputs the program determination
signal PDS, which is at “H” level. This represents that the
programming operation had successfully been performed.

Now assume that some of memory transisiors pro-
grammed with logic “1" had successfully been programmed
and the remainder had unsuccessfully been programmed.
Then, during the followed programming verification opera-
tion, latches corresponding to the former memory transistors
are changed s0 as to store logic “1” data, while latches

ing to the latter memory tramsistors maintain
logic “0" data Since latches in the former case are soring
logic “1" data, their corresponding bit lines are charged to
the potential of 5 volts during the followed reprogramming
operation. However, in the same manner as the above-
mentioned programrming operation, since, in the reprogram-
ming operation, a selected first selection linc stays at 5 voits
and junctions of sources and drains of memory transistors
and their channels sre charged w the program inhibition
voltage of 7 volts, first transistors connected with the
charged bit lines on the selected first selection line are in
nonconductive states. Thus, during the reprogramming
operation, the successfully programmed memory transistors
are prevented from programming by the charged program
inhibition voltages. However, in the case of the latter, Le. the
unsuccessfully programmed memory transistors, since their
corresponding latches are storing logic “0” data, reprogram-
ming is performed only on them. With such repeating
operations, if all memory transistors on a selected word line
which are programmed with logic “1” data were success-
fully programmed, the program determination signal PDS
outputs “H™ level during the abovementioned programming
verification operation, and the reprogramming operation is
terminated. The present circuit used in the above-mentioned

ing verification operation may also be applied to
EEPROMs with NOR-type memory arrays.

The ing verification techniques as discussed
sbove have various advantages as follows. First, the pro-
gramming verification operation can automatically carried
out by the internal circuit without the control of an external
microprocessor. Second, since the data register is used as
data lawches in a data loading mode, verification sensing
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circuits in a programming verification mode and sense
amplifiers in a reading mode, as will be discussed herein-
betow, simplification of peripheral circuits may be accom-
plished. Third, the threshold voltages of programmed
memory transistors may be tightly distributed within a
narrow range sbove a preset minimum threshold voltage,
and over-programming may be prevented. The tight distri-
bution of threshold voltages can be accomplished by the
exccution of the programming operation within a shorter
period, since successfully programmed memory transistors
are automatically inhibited from programming due to the
changed data of their corresponding latches.

Reading Mode

FIG. 12 illustrates a timing chart of the reading operation
according to the present embodiment.

The time period between t1 and t2 in the drawing is a
period to discharge word lines WL1 to WLB8 and all bit lines
BLk-1 to BLk-256 to the reference potential and to reset so
that latches PBk-1 to PBk-256 stores logic “0 data. During
this period, the control signal ¢, and lines SBL and DCB
stay at “H" levels. Thus, bit lines BLk-1 to BLk-256 are
discharged to the reference poteatial via the transistor 37 of
FIG. 25, and latches PBk-1 to PBk-256 are reset to logic “0”
data by the conduction of transistors 37 and 44. During the
time period between t, and t,, a timing chart of control
signals WE, PGM, SLE, Xd, BLK, DS and ERA, the clock
¢ and voltages V..V, and V,, is identical to the timing
chart between t, and tg shown in FIG. 11. Control signals
PVF and SUP keep “H™ levels during operations excepting
the programming verification operation.

The time period between t, and t, is a period for scasing
data read out from memory cells and storing the sensing data
into latches PBk-1 to PBk-256. During the period, WE,
PGM, SLE, Xd, BLK, DS, ERA, ¢4, ¢, and ¢, maintain “H"
levels, and V.., Vo, V,, lines SBL and DCB, ¢, and ¢4
keep “L" levels.

An explanation will now be given, assuming that a
reading operation is performed from memory transistors
connected to the word line WLA4 in the memory block BK1
which was page programmed in the above-mentioned pro-
gramming mode,

Operation between t; and t, is performed in s similar
manner as the verification operation as discussed above.
Thus, an expianation will be givea in brief. The block
selection circuit of FIG. § associated with the selected
memory block BK1 makes first and second selection gate
lines SGLi-1 and SGL1-2 and the block selection control
lines BSC1 heid at S volts in response to address signals P1,
QI and RI addressing the block BK1. Since the control signal
PVF is at “H" Jevel, the verifying voltage generator 164 of
FIG. 6 is in & high impedance state and the NAND gate 158
is being enabled. Thus, the control gate line CGLA4 corre-
sponding to the selected word line WLA is at the reference
potential of O volts in response to address signals AJ/A, to
A,/A, designating the word line WL4. However, coatrol
gate lines OGL1 to CGL3 and CGLS to CGLS8 correspond-
ing 10 unselected word lines WL1 to WL3 and WLS to WL8
are at “H” levels of § volts. On the other hand, the source
line driving circuit 22 of FIG. 7 outputs the reference
potential on the common source line CSL. Consequently, the
transfer transistor array 34-1 of FIG. 2a is conductive, and
first and second selection lines SL1 and SL2 and unselected
word lines WL1 to WL3 and WLS to WLS in the block BK1
are thereby at 5§ volts while the selected word line WL4
therein is at 0 volts.
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The control signal ¢, goes to “H™ levels at time t,, thereby
causing the curreat source circuit 33 to be enabled. Thus, the
constant current transistors 54 supply the current of about
4uA onto bit lines BLk-1 to BLk-256 via connecting nodes
36 and transistors 40 and 38. Since only the memory
transistor 240 is programmed with logic “1” the bit line
BL1-2 is charged to about 2 to 3 volts and the remaining bit
lines go to O volts. At time ty of FIG. 12, the control signal
¢, goes to “H” level, thereby rendering transistors 52 of FIG.
2b conductive. Then, only the transistor 50 associated with
the bit line BL1-2 is turned on, thereby making the latch
PB1-2 sense and store the logic “1". However, remaining
latches continuously store logic “0” based on the previously
mentioned reset operation since transistors 50 are turned off.
That is, page reading is accomplisbed. Data stored in the
latches PBk-1 to PBk-256 is output to input/output terminals
/01 to 1/08 by a byte (8 bits) via inventers 48, transfer
transistors T1 to T256 tuned on in sequence in response to
column address of 256 cycles and toggles of WE,, and
output buffer 28.

Modified Embodiments

The EEPROM of the first embodiment explained in
connection with FIG. 1 to FIG. 12 comprises the memory
array including 1024 memory blocks each of which has
NAND cells arranged in the same rows, and a source line
driving circuit for generating the program inhibition voltage
prior to the programming or reprogramming operation in
order to charge it to the NAND cells. However, it should be
noted that the present invention is not limited to such an
embodiment. For example, the memory array used in other
embodiments of the present invention may be comprised of
memory blocks having shared word lines as discussed
bereinafter. To charge the program inhibition voltage to
NAND cell, a capacitive coupling way from control gates
may be applied with no use of the source line driving circuit.
This modified embodiment is illustrated in FIG. 13 to FIG.
17.

FIG. 13 consists of FIG. 13a and FIG. 2b. FIG. 13a shows
a memory array composed of memory blocks having shared
word lines, and FIG. 2b shows the already discussed periph-
eral circuit coanected with the memory amay of FIG. 13a.
For simplification of the drawing, FIG. 13a shows only

“the arrangement of memory cells and shared word lines

which are associsted with the k-th column block in the i-th
memory block SBKi. Howevez, it should be noted that a
memory array 10 having memory cells of 16 mega bits as
shown in FIG. 13a is arranged in the same manner as the
memory armay of FIG. 2a excepting the shared word lines.

Referring to FIG. 13a, each of memory blocks SBKi (i=1,
2.3,...,512) is comprised of two submemory blocks, i.c.
an upper memory block or a first submemory block USBKi
and a2 lower memory block or 2 second submemory block
LSBKi. Each of the upper and lower memory blocks USBKIi
and LSBKi has the same configuration as each of the
memory blocks of FIG. 2a. Word lines WL1 to WLS in the
upper memory block USBKIi are correspondingly connected
with word lines WL1 to WLS in the lower memory block
LSBKi. That is, the upper memory block USBKi shares the
word lines WL1 to WLS8 with the lower memory block
LSBKi

The word lines WL1 to WLB are respectively connected
1o control gate lines CGL1 to OGLS via current paths of
transfer transistors BT2 to BT9. A first upper selection line
USL1 and a first lower selection line LSL1 are connected to




5,546,341

25

upper and lower selection gate lines USGLi and LSGLi via
current paths of transfer transistors BT1 and BT11, respec-
tively. Second upper and second lower selection lines USL2
and LSL2 are connected to upper and lower ground selection
lines UGSL and LGSL via current paths of transfer transis-
tors BT10 and BT12, respectively. Sources of sacond upper
and lower selection transistors UST2 and LST2 are con-
nected to a common source line CSL which is conpected to
the reference poteatial, i.e. the ground. Drains of first upper
and lower selection transistors UST1 and LST1 are respec-
tively connected to correspoanding bit lines.

The control gate lines CGL1 to CGLS are connected to the
control gate driving circuit 20 explained in connection with
FIG. 6. Upper and lower selection gate lines USGLi and
LSGLi are respectively counected to correspoading block
selection control circuits 318 of FIG. 14. Each of the block
selection control circuits 318 serves to select one of upper
and lower memory blocks in a selected memory block
designated by address according to respective operation
modes. It should be noted that the block selection control
circuits 318 corresponding to the respective memory blocks
SBKi are provided on the substrate of the on-chip EEPROM.
Thus, it would be appreciated that two memory blocks
substantially share one block selection control circuit since
each block selection control circuit controls one memory
block comprised of upper and lower memory blocks. This
results in relatively increasing the area of memory array on
the chip substrate of fixed size so as to increase the memory
storage capacity since the chip occupying area of the periph-
eral circuit is decreased.

The upper ground selection line UGSL and the lower
ground selection line LGSL are connected to a ground line
driving circuit 320 illustrated in FIG. 15. The ground linc
driving circuit 320 is a circuit connected in common with
upper ground selection lines UGSL and lower ground selec-
tion lines LGSL in memory block SBKi. The ground line
driving circuit 320 serves to provide proper voltages onto
the upper and lower ground selection lines UGSL and LGSL
according to the respective operation modes.

Referring to FIG. 14 showing the block selection control
circuit which controls the i-th memory block SBKi, a
decoder 322 receives address signals PL, Q1 and Rl and the
control signal Xd. The address signals P1, Ql and Rl are
ngnzlspmodedbyaddnsngmhm,/rm%of
row address signais A, /A to Ay/Ay, from address buffer
(not shown). The row address signal A,,/A, is input 10 a
timing circuit (not shown) in order to generate control
signais Ay, Ane Ay Ay and Ay WAy for selecting one
of cither the upper memory block USBKi or the lower
memory block LSBXKI according to the respective operation
modes. Logic states of these contro! signals according to the
respective operstion modes are given in the following
TABLE 3, wherein “H™ represents “H level of 5 volts and
“L” represents “L” level of O volts.

TABLE 3
Upper Memory Block Lower Memory Block
lection A, = H Selection A, =L
Mode Verification Mode Mode Verificstion Mode
Ane H H H L
Kire L L L H
Ay L H L L

—
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TABLE 3-continued
Upper Memory Block Lower Memocy Block
Selection Ay, = H Selection A, =L
Rudin;! Reading,
] Programming Programming
Erssing  And Programming  Erasing  And Programming
Mode Verification Mode Mode Verification Mode
v, L L L H
Auw L H L L
A H L H H

The output of the decoder 322 is connected to one input
terminal of NAND gate 324 and an input terminal of an
inverter 326. The other input terminal of NAND gate 324 is
connected to the erase control signal ERA. The output of the
NAND gate 324 is connected to the upper sclection gate line
USGLI via a CMOS transfer gate 328, which consists of
n-channe] transistor 350 and p-channel transistor 352, and
the current path of D-type transistor 330. Between a con-
aecting node 358 and the reference potential is connected
the current path of n-channel transistor 332. Gates of
N-channel transistors 350 and 332, p-channel transistor 352
and D type transistor 330 are connected to control signals
Ay, Kl_,,. AL, and WE,, respectively. The control signal
WE,, is at “L" level during the block erasing aperation and
is at “H" level during remaining operations. The output of
the NAND gate 324 is also connected to the lower selection
gate line LSGLi via a CMOS transfer gate 334, which
consists of n-channel transistor 354 and p-channel trangistor
356, and the current path of D-type transistor 336. The
current path of n-charmel transistor 338 is connected
between a connecting node 360 and the reference potential,
Gates of n-channel trangistors 354 and 338, p-channe] tran-
sistor 356 and D-type transistor 336 are connected to control
slgnalsxl_,,'.Au,.Am and WE,,, respectively. The output of
the inverter 326 is connected to the block selection control
line BSCi via current paths of D-type transistor 340 and
n-channe] transistor 342,.which are comnected in parallel,
and the current path of D-type transistor 344. The gate of the
D-type transistor 340 is comnected to the output of the
decoder 322, and gates of the n-channel transistor 342 and
the D-type transistor 344 are connected to the power supply
potential Vec of § volts. Two input terminals of NOR gate
346 arc connected to the clock ¢, and the output of the
decoder 322, respectively. Between the output of the NOR
gate 346 and the line BSCi is connected 2 charge pump
circuit 348,

If address signals selecting the memory block SBKi input
to the block selection control circuit 318, the block selection
control line BSCi is at a potential of sbout 4.3 volts in
crasing, programming verification and reading modes, and is
at the program voltage V., of 18 volts in a programming
mode. On the contrary, the block selection coatrol line of
respective ones of block selection control circuits associated
with unselected memory blocks is at the reference potential
of 0 volts in all modes.

If the memory block SBKi is designated by the address
signal and the address signal A1l is at “H" level, the upper
selection gate line USGLI is at a potential of S volts in a
programming, a programming verification and s reading
modes, and the lower selection gate line LSGLi is at a
potential of O volts by conduction of the transistor 338 in
said modes. Similarly, if the memory block SBKi is
addressed by the address signal and the address signal A,;
is at “L™ level, the lower selection gate line LSGLiis at a
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potential of 5 volts in programming, programming verifica-
tion and reading modes, and the upper selection gate line
USGLi is at a pocential of O volts by conduction of the
transistor 332 in said modes. On the other hand, upper and
lower selection gate lines USGLi and LSGLi are both in
floating states of about 2 to 3 volts in a block erasing mode.

Referring to FIG. 15, the ground line driving circuit 320
is comprised of inverters 362 to 374 and NOR gates 376 and
378. The driving circuit 320 outputs 0 volts onto upper and
lower ground selection lines UGSL and LGSL in a program-
ming mode. If the upper memory block is selected in reading
and programming verification modes, the upper ground
selection line UGSL goes to “H” level of 5 volts, and the
lower ground selection line LGSL goes to “L” level of 0
Volts. However, if the lower memory block is selected in
reading and programming verification modes, the lower
ground selection line LGSL goes to “H™ level of 5 volts, and
the upper ground selection line UGSL goes to “L” levels of
0 volts. On the other hand, upper and lower ground selection
lines UGSL and LGSL go to “H” levels of 5 volts in a block
erasing mode.

Operations of the modified embodiment are almost the
same as those of the first embodiment, excepting operation
10 select either upper or lower memory block and operation
to charge NAND cells by way of a capacitive coupling
technique in a programming operation. Thus, a brief expla-
nation of operation of the modified embodiment will be
given, referring to the accompanying timing charts.

FIG. 16 shows a timing chart of the block erasing mode.
In the drawing, the time period between t, and t, is for
discharging all word lines in the memory array 10 to the
reference potential of O volts. In this period, control gate
lines CGL1 to CGLS8 are at the reference potential as
discussed in connection with FIG. 6. During this period,
BLK maintains “L" level, and the predecoder (not shown)
generates address signals P, Qi and Rl being at “H” levels
in response to the signal BLK. Thus, the decoder of FIG. 14
outputs “L" level. Consequently, block selection control
lines BSCI to BSCS12 are all at the potential of about 4.3
volts, and transfer transistors BT2 to BT9 of transfer tran-
sistor arrays 34-1 to 34-512 of FIG. 13a are al! turned on,
thereby grounding all word lines.

The time period between ¢, and ty of FIG. 16 is foc erasing
a selected memory block. During the period, control gate
lines OGL1 to OGLS remain the reference potential identical
to the case between (, to t,. The block sclection control
circuit 318 of FIG. 14 associated with the selected memory
block outputs the potential of about 4.3 volts onto a selected
block selection coatrol line. However, the block selection
control circuits sssocisted with unselected memory blocks
output the referemce potential onto unselected block selec-
tion control Hnes. Thus, word lines of upper and lower
memory blocks in the selected memory block at time t, are
all at the reference potential, and all of word lines in
unselected memory block are in floating states. However,
since the erase voltage V,,, of 20 volts is applied to the well
electrode 114 of FIG. 4 at time t,, all word lines in the
unselected memory blocks are capacitively coupled to about
20 volts, and data of memory transistors in the unselected
memory blocks is not erased. However, during the time
period between (, and t,, every memory transistor in the
selected memory block is changed into a D-type transistor
having a threshold voltage of about -2 to -3 volts by the
erase voltage which is applied between its channel and
control gate. That is, logic “0" data is stored.

On the other hand, during the block erasing period
between t, and t,, since the selected block selection control
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line is at the potential of about 4.3 volts, and upper and lower
selection gate lines USGLi and LSGLI are at about 2 to0 3
voits, and upper and lower ground selection lines UGSL and
LGSL are at 5 volts, the first upper and lower selection lines
USL1 and LSL1 associated with the selected memory block
arc at about 2 to 3 volts and the second upper and lower
selection lines USL2 and LSL2 associated with the selected
memory block are in floating states. Thus, when any one of
the second upper and lower traasistors connected with the
second upper and lower selection lines fails, the flow of
leakage current is prevented via the second upper and lower
selection lines USL2 and LSL2 from the well electrode 114.
During the block erasing operation, the voltage relationship
of significant portions may be summarized in the following
TABLE 4.

TABLE 4
Sclected Memory  Unselected Memory
Block Block

First Upper And Lower Approximately Flosting
Selection Lines USL! 2-3V
And LSLI
‘Word Lines WL to WL8 oV Approximately 20 V
Second Upper And Lower Floating Floating
Selection Lines USL2
and LSL2
Well Electrode 0V 0V

The time period between t, and t, of FIG. 16 is for
discharging word lines in unselected memory blocks to the
reference potential. During this period, control gate lines
CGL1 to CGLS maintain the reference potential by the
control signal DS as previously discussed in connection with
FIG. 6. The control signal BLK maintains all block selection
control lines BSC1 to BSC512 to about 4.3 volts, thereby
causing all word lines to be discharged to the reference
poteatial. Upper and lower gate lines UGLi and LSGLI are
also maintained at the reference potential by Xd. On the
other hand, the line DCB being at “H" level causes bit lines
to be discharged to the refereace potential.

FIG. 17 shows a timing chart of the programming mode
of the modified embodiment. Referring to FIG. 17, the data
loading operation is performed prior to time t,. The data
loading operation is performed in the same manner as that of
the first embodiment as discussed in connection with FIG.
2b. The time period between t, and t, is for writing data into
selected memory transistors. As discussed in the data load-
ing operation of the first embodimeat, bit lines correspoad-
ing to memory transistors into which logic “1” data is
written are at “L" level of 0 volts while bit lines correspond-
ing to memory transistors into which logic “0™ data is
written are at “H” levels of 5 voits. After the time t,, the
selected control gate line goes to the program voitage V..
of 18 volts, and unselected control gate lines go to the pass
voltage V,,, of 10 volts as previously discussed in connec-
tion with FIG. 6. It is now assumed that the fourth control
gate line CGLA4 was designated by address signals. Then, the
control gate line CGLA goes to the program voltage V,, ., of
18 volts and control gate lines CGLI to CGL3 and CGLS 10
CGLS8 go to the pass voltage V,,, of 10 volis. It is also
assumed that the third memory block was designated by
address signal and the address signal A,, was “H” level.
Then, the decoder 322 of FIG. 14 outputs “L” level and the
block selection control line BSC3 goes to the program
voltage V., of 18 volts after the time t,. At this time, the
upper selection gate line USGL3 goes to the poteatial of 5
volts and the lower selection gate line LSGL3 goes to the
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reference potential. Thus, the transfer transistor array 34-3
of FIG. 13a is tumed on. On the other hand, the ground line
driving circuit 320 of FIG. 15 provides the reference poten-
tial onto the lines UGSL and LGSL during the programming
period. Thus, the second upper and lower selection transis-
tors UST2 and LST2 in the upper and lower memory blocks
USBK3 and LSBK3 are all nonconductive. The first lower
sclection line LSL1 in the lower memory block LSBK3 also
goes to the reference voltage via the transfer transistor BT11,
thereby causing the first lower selection transistors LST1 to
be tumed off. However, the first upper selection line USL1
in the upper memory block USBK3 goes to “H" level of 5
volts via the transfer transistor BT1. During the above-
mentioned programming operation, the voltage relationship
of significant portions may be summarized in the following
TABLE 5.

TABLE §
Selected Memary Block

Seclected Upper  Unselected Lower

Memory Block Memory Block
Selected First Upper 5v —_
Selected Line USLI
Unselected First Lower — ov
Selected Line LSLI
Sclecied Word Line Vo =18 Y Vom =18V
Unselected Word Line Veu =10V =10V
Selecicd Second Upper oV —
Sclection Line USL2
Unselected Second Lower - oV
Sclection Line LSL2
Well Electrode oV ov

Thus, during the programming operation, the high voltage
applied onto word lines WL1 to WLS causes the NAND cell
charging of upper and lower memory blocks USBK3 and
LSBK3. Thus, since the first upper sclection line USL1 is at
the potential of 5 volts, and bit lines associated with memory
transistors into which logic “0" data is written are at § volts
while bit lines associated with memory transistors into
which logic “1™ data is written are at the reference potential
of O volts, first upper selection transistors in the upper
memory block USBKJ which are coanected with the latter
memory transistors are turned on, and first upper selection
transistors in the memory block USBK3 which are con-
nected with the former memory transistors are turned off.
Thus, sources, drains and channels of memory transistors in
NAND celis associated with the former memory transistors
go to the rcference potential, and NAND cells associated
with the latter memory transistors are charged to a high
voltage. Consequently, during the programming period,
floating gates of the former memory transistors connected
with the upper word line WLA accumulate electrons by way
of the F-N tunneling, thereby changing into enhancement
transistors having a threshold voltage of about 0.8 voits.
That is, logic 1™ data is stored. However, since channels of
the latter memory transistors and junction capacitors of their
sources and drains are charged with a high voltage, the
programming of these memory transistors is prevented.

In the same manner, the first lower selection line LSL1
and the second lower selection line LSL2 in the unselected
lower memory block LSBK3 are at the reference potential,
and the first and the second lower selection transistors LST1
and LST2 which are respectively connected to the lines

LSL1 and LSL2 are thereby turned off. Thus, channels of 65

memory transistors of NAND cells in the lower memory
block LSBK3 and junction capacitors of their sources and
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drainy are charged with a high voltage so as to prevent
programming.

Al the time t,, the programming operation is terminated
and the clock ¢, stops clocking. Thus, the charge pump
circuit 348 is disabled and BSC3 thereby falls to the poten-
tial of 5 volts. During the time period between L, and t,, the
control signal DS at “L" level causes control gate lines
CGL1 to CGLS8 to be grounded Thus, word iinés in the
memory block SBK3 are discharged to the reference poten-
tial. During the time period between (4 and t,, block selec-
tion control lines BSC1 to BSC512 and upper selection gate
lines USGL1 to USGLS12 are discharged to the reference
potential,

The programming verification operation may be per-
formed from the time t, of FIG. 17. The programming
verification operation is similar to that of the first embodi-
meat. The difference as compared with the first embodiment
is in that the present embodiment has the block selection
control circuit for selecting one of either the upper or lower
memory block in a selected memory block. If the upper
memory block USBKi in a selected memory block is
selected by means of the block selection control circuit of
FIG. 14 in the programming verification operation, a
selected block selection control line BSCi goes to the
poteatial of about 4.3 volts, and the upper selection gate line
USGLi goes to the potential of § volts. Then, the ground line
driving circuit 320 of FIG. 15 outputs “H” level of § volts
onto the upper selection gate line UGSL and “L” level of 0
voits onto the lower selection gate line LGSL. As discussed
in connection with the first embodiment with reference to
FIG. 6, in the programming verification operation, a selected
control gate line is at the program verifying voltage of 0.8
volts and unselected control gate lines are at the potential of
5 volts. Thus, the line BSCi of about 4.3 volts connected to
the transfer transistor array 34i of FIG. 13a goes 10 a
potential of about 7 volts since the potential of 5 volts on the
unselected control gate lines is transferred from drains of
transfer transistors to their gates by way of capacitive
coupling. This operation is also identical in a reading
operation. Consequently, a selected word line in the upper
memory block USBKi goes to the verifying voltage of 0.8
volts and unselected word lines go to the potential of § volts.
The first and second upper selection lines USL1 and USL2
also go to the potential of 5 voits. Thus, second selection
transistors UST2 in the block USBKIi arc tumned on, thereby
connecting NAND cells in the block USBKIi to the grounded
common source line CSL. However, the first and second
lower selection lines LSL1 and LSL2 in the lower memory-
block. LSBKi are at the reference potential and the block
LSBKi arc at the reference potential and the block LSBKi
are at the reference potential and the block LSBKi is thereby
unselected. The following programming verification and
reprogramming operations are the same as operations
explained in the first embodiment in connection with the
liming chart during the time period between (, and t, of FIG.
12,

In the modified embodiment, programming and repro-
gramming techniques do not need a program inhibition
voltage generator connected with the respective bit lines to
inhibit programming of logic “0" programmed cells and
reprogramming of successfully logic “1™ programmed cells.
Thus, the simplification of a peripheral circuit and the
reduction of on-chip arca can be accomplished. Otherwise,
since the program inhibition voltage is automatically gen-
erated by the capacitive coupling technique during the
programming and reprogramming operations, the program-
ming and reprogramming operations may be executed at a
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high speed. Thus, since the present embodiment employs a
self-program inhibition technique, the above-mentioned
advantages may be accomplished.

In the reading operation of the modified embodiment, a
selected word line of O volts is used instead of the selected
word line of 0.8 volts in the above-mentioned programming
verification operation. Operation to select memory transis-
tors in the reading operation is the same as that in the
programing verification operation. Page reading, page read-
out sensing and the output from data output terminals are
also the same as operations explained in the first embodi-
ment in connection with FIG. 12.

Thus, EEPROMSs of embodiments of the present inven-
ton as described above can be designed so as to have
capabilities and reliability of improved programming, block
erasing and programming verification. The peripheral cir-
cuits associated with a reading and a programming vexifi-
cation according to embodiments of the inveation can also
be used in a nonvolatile semiconductor memory with a
NOR-type memory array.

What is claimed is:

1. A nonvolatile semiconductor memory comprising:

word lines formed over a surface of a semiconductor

substrate;
cell units arranged on said surface to form an array, each
said uvnit including at least one memory transistor
which has source and drain regions formed in said
substrate and separated by a channel region; a floating
gate formed over said channel region, and a control
gate formed over said floating gate and coupled to a
corresponding one of said word lines, said ammay being
divided into a plurality of memory blocks each having
a plurality of cell units; and

a control circuit, responsive to an address, in a data erase
maode, for applying an erase voltage to said substrate,
and for floating word lines of memory blocks unse-
lected by said address so that erasure of data in memory
transistors of said unselected memory blocks is pre-
vented by capacitive coupling of a predetermined
amount of said erase voltage to said word lines of said
unselected memory blocks.

2. A method for erasing data stored in a nonvolatile
semicooductor memory, during a data erase mode of opera-
tion thereof, said memory comprising an array of cell units
formed on a surface of a semiconductor substrate, each said
cell unit including at least one memory transistor for storage
of data each of said memory transistors having a floating
gate and a control gate coupled to a corresponding one of a
plurality of word lines, said srmay being divided into 2
plurality of memory blocks cach being comprised of a
plurality of cell wmits, said method comprising the steps of:

applying an voltage to said substrate;

applying a reference voltage to word lines of a selected

memory block in order to erase data of memory tran-
sistors in said selected memory block; and

floating word lines of unselected memory blocks such that

said data in said memory transistors of said unselected
memory blocks is prevented from erasure by capacitive
coupling of a predetermined amount of said erase
voltage to said word lines of said unselected memory
blocks.

3. A method for preventing erasure of data in memory
transistors in unselected memory blocks in a nonvolatile
semiconductor memory, wherein said memory comprises a
multiplicity of cel! units formed on a surface of a semicon-
ductor substrate and configured in an array, each cell unit

—
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having at least one memory transistor which has a source, 2
drain, a floating gate, and a control gate connected to a
corresponding one of a plurality of word lines, wherein said
array is divided into a plurality of memory blocks each
including a plurality of said cell units and woed lines, said
method comprising the steps of:

floating word lines of said unselected memory blocks; and

applying an erase voltage to said substrate so that data in
said memory transistors of said unsclected memory
blocks is prevented from being erased by capacitive
coupling of a predetermined quantity of said erase
voltage to said word lines of said unselected memory
blocks.

4. A method for preveating erasure of data in unselected
cell units in a nonvolatile semiconductor memory, wherein
each cell unit is formed on a surface of a semiconductor
substrate and includes a plurality of memory transistors
comnected in seres, each said memory tramsistor having
source and drain regions formed in said substrate and
separated by a channel region, 2 floating gate formed over
said chanoel region to store binary data, and a control gate
formed over said floating gate, respective control gates of
said memory transistors of said cell unit being connected to
respective ones of a plurality of word lines, said method
comprising the steps of:

applying an erase voltage to said substrate; and

capacitively charging said word lines of said unselected
cell units to a pretermined amount of said erase voltage.

§. An electrically erasable and programmable read-only
memory comprising:

a semiconductor substrate;

an array of cell units, said cell units arranged in rows and
columns on said substrate, said array being divided into
a plurality of memory blocks, with each memory block
being defined by at least a given one of said rows of
said cell units, each of said cell units including a
predetermined number of series connected memory
transistors and each of said memory transistors having
a floating gate and cootrol gate;

a plurality of word lines arranged such that said control
gates of memory transistors in & given row are con-
nected to a same word line and said control gates of the

trangistors in a given column are connected to
different word lines; and

a control circuit for floating word lines of unselected
memory blocks and applying an crase potential to said
substrate so that data in memory transistors of said
unselected memory blocks is prevented from being
erased by capacitive coupling of a predetermined quan-
tity of said erasc potential to said word lines of said
unselected memory blocks.

6. An electrically ecasable and programmable read-oaly
memory as recited in claim 5, wherein said control circuit
applies a low potential to word lines of a sclected memory
block thereof in order to erase data of memory transistors of
said selected memory block.

7. An electrically erasable and programmable read-only
memory as recited in claim 6, wherein said erase potential
is a high potential and said low poteatial is a ground
potential.

8. An electrically erasable and programmable read-oaly
memory comprising:

a semiconductor substrate;

a multiplicity of memory transistors arranged in rows and

columns, each memory transistor including a floating
gate and a control gate;
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a plurality of word lines each connected to said control
gates of respective ones of said memory transistors in
a corresponding row;

a control circuit, responsive to an address in a data crasc
mode, for floating word lines unselected by said
address, and for applying an erase voltage to said
substrate so that erasure of data in memory transistors
associated with said unselected word lines is prevented
by capacitive coupling of & predetermined amount of
said erase voltage 10 said unselected word lines.

9. An electrically erasable and programmable read-only

memory comprising:

a semiconductor substrate;

a multiplicity of memory transistors arranged in rows and
columns on said substrate to define a plurality of cell
units each of which includes a predetermined number
of scries-connected memory transistors, each of said

34

memory transistors having a floating gate and a control
gate:

a plurality of memory blocks being defined by respective
rows of said cell units;

a plurality of word lines each connected to the control
gates of the respective ones of the memory transistors
in a corresponding row; and

a control circuit for floating word lines of memory blocks
not required to be erased and applying an erase poten-
tial to said substrate, thereby capacitively coupling a
predetermined amount of said erase potential to said
floated word lines to prevent erasure of data in said
memory transistors coanected to said floated word
lines.




Py

L "uwRhEEENN

US0056-  PA
United States Patent 9 (11 Patent Number: 5,642,309
Kim et al. 451 Date of Patent: Jun. 24, 1997
[54] AUTO-PROGRAM CIRCUIT IN A 5379256 - 1/1995 Tanaka et al. ...ccomeeemceeoe. 365/185
NONVOLATILE SEMICONDUCTOR 5386422 1/1995 Endohetal. . eocosime 371215
MEMORY DEVICE 5396,468 /1995 Harad etal. .oecovmceemm. I65218
5428560 6/1995 Kato et al —omomouoe. 365/129.01
. Fin ) s - 5434825 7/1995 Harad 365/185
(75) Inventors: Jin-Ki Kim; Hyung-Kyu Lim; 5450341 91995 Sawada el al. woooo.. 365/185

Sung-Soo Lee, all of Seoul, Rep. of
Korea

(73] Assignes: Samsung Electronics Co., Ltd.,
Suwon, Rep. of Korea

[21] Appl No.: 526 422

{22] Filed: Sep. 11, 1995

[30] Foreign Application Priority Data
Sep.9,1994 [ER] Rep. of Korea e 22769/1994
Jam. 24,1995 [KR] Rep. of Kotea ——ouomen. 114471995

(51] Int. CL® o G11C 7/00; G11C 16/04

(52] US.Cl s 365/18522; 365/185.2;

365/189.07; 365/189.09

[58] Fied of Search ... 365/189.01, 185.01,

365/182, 218
{56] References Cited
U.S. PATENT DOCUMENTS
5291446 3/1994 Van Buskirk et al. e, 365/189.09

Primary Examiner—Viet Q. Nguyen
Attorney, Agent, or Firm—Cushman Darby & Cushman, IP
Group of Pillsbury Madison & Sutro LLP

(571 ABSTRACT

An auto-program voltage generator in a noavolatile semi-
conductor memory having a plurality of floating gate type
memory cells, program circuit for programming selected
memory cells, and program verification circuit for verifying
whether ar not the sclected memory cells are successfully
programmed comprises a high voltage generator for gener-
ating a program voltage, a trimming circuit for detecting the
level of the program voltage to increase sequentially the
program voltage within a predetermined voltage range every
time the selected memory cells are not successfully
programmed, a comparing circuit for comparing the
detected voltage level with a reference voltage and then
generating a comparing signal, and a high voltage genera-
tion coatrol circuit for activating the high voltage generator
in response to the comparing signal.

19 Claims, 10 Drawing Sheets
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AUTO-PROGRAM CIRCUIT IN A
NONVOLATILE SEMICONDUCTOR
MEMORY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a nonvolatile semicon-
ductor memory device, and more particularty to an auto-
program circuit in the nonvolatile semiconductor memory
device.

2. Description of the Related Arts

A memory cell aray with NAND structured cells has a
plurality of NAND cell units arranged in a matrix with
columns and rows. FIG. 9 is an equivalent circuit diagram
showing a part of the memory cell array with conventional
NAND structured cells, Referring to the figure, cach of the
NAND cell units NU1 to NUm has a first selection transistor
120 with its drain connected to the corresponding bit line
and a second selection transistar 121 with its source con-
nected to a common source line CSL. The drain-source
channels of memory cell transistors M1 to M8 (hereinafter
referred to as “memory cells™) are serially connected
between a source of the first selection transistor 120 and &
drain of the second selection transistor 121. The gates of the
first selection transistors 120, the control gates of the
memory cells M1 to M8 and the gates of the second
selection transistors 121 are connected to a first sclection
line SL1, word lines WL1 to WL8 and a second selection
line SL2, respectively. The first and second selection tran-
sistars 120 and 121 and the memory cells M1 to M8 are
formed in the P type well formed on the main surface of 2
semiconductar substrate. The source-drain common region
between the soarce of the first selection transistor 120 and
the drain of the memory cell M1, the source-drain common
regions of the memory cells M1 to M8, and the drain-source
common region between the drain of the second selection
transistor 121 and the source of the memoary cell M8 are
formed in the P type well. A floating gate made of polysili-
con is formed on cach channel of the memary cells M1 t©
M8 through a tunnel oxide Layer, and a floating gate made of
polysilicon or of metal silicide with high meiting point is
formed thereon through an intermediate insulsting layer
The drxin regions of the first selection transistors 120
formed in the P type well are respectively connected to the
corresponding bit lines made of metal silicide with high
melting point or metal through opeaings, the source regions
of the second selection transistars 121 formed in the P type
well are connected to the commoa source line CSL made of
the metal silicide with high melting point or metal. The erase
operation for the memory cells is performed before
programming, i.c., writing data.

The erase operation for the memory cells is performed by
spplying erase voltage of about 20 V to the P type well
region and reference voltage, ie., ground voltage to the
ward lines WL1 to WL8. With the electrons stored in the
floating gates being emited to the P type well region through
the tupnel oxide layer, the memory cells are changed to
enhancement mode transistors. It can be assumed that the
erased memory cells store the data “17.

The programming operation for the memory cells con-
nected to the selected word line, i.c., the writing operation of
the data “0” is performed by applying program voltage of
about 18 V to the selected word line and the reference
voltage, i.c., the ground voltage Vss to the sources and
drains of the memory cells in which the data “0” is written.
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Then, the floating gates of the memory cells to be pro-

accumulate the electrons tharough the tunnel
oxide layers, and these memory cells are changed to the
depletion mode transistors.

After programming, the program verification operation is
performed to verify whether or not the selected memory
cells are successfully programmed to bave a predetermined
coostant threshold voltage value. These erase, program and
program verification techniques are disclosed in the Korean
Patent Publication No. 94-18870 published Aug. 19, 1994
and assigned to the present inventor.

As the capacitance of the EEPROM has become highly
integrated, the size of the memory cell, such as the width and
thickness of the gate oxide layer and the width and length of
the channel region, has been reduced. However, variance of
the manufacturing process can not secure the uniformity of
the width and thickness of the gate oxide layer, intermediate
insulating layer and channel region. This makes the thresh-
old voitage values of the programmed memory cells
unequal. If at least one of the programmed memory cells
does not reach a desired threshold voltage, eor data is read
out. In order to solve such a problem, a program verification
device has been proposed for verifying whether or not the
selected memory cells are successfully programmed. For
example, such a program vetification techrique is disclosed
in the aforementioned Korcan Patent Publication No.
94-18870. However, as the reprogram operation is per-
formed after the program verification operation with a
program voltage of constant level, the threshold voltages of
the programmed memory cells are still unequal. The vari-
ance of the circumstance conditions such as a power supply
voltage or an operating temperature may deteriorate the
reliability of the EEPROM.

SUMMARY OF THE INVENTION

1t is therefore an object of the presest invention to provide
a nonvolatile semiconductor memory capable of maintain-
ing a unifonn threshald voltage of the memory cells to be
programmed regardless of the variance of the operating
temperatare and power supply voitage.

It is another object of the present inveation to provide the
nonvolatile semiconductor memocy capable of eahancing
the reliability thereof regardiess of the variance of the

process.

To achieve the above objects of the preseat invention, an
anto-program voltage generator of the ponvolatile semicon-
ductor memory having a plurality of floating gate type
memory cells, a program circuit for programming the
selected memory cells, and a program verification circuit far
verifying whether or not the sclected memory cells are
successfully programmed, comprises a high voitage genera-
tor for geaerating a program voltage, a trimming circuit for
detecting the level of the program voltage so as to sequea-
tially increase the program voltage within a predetermined
voltage range every time the selected memory cells are not
successfully a comparing circuit for compar-
ing the detected voltage level with a reference voltage and
then generating a comparing signal, and a high voitage
generation control circuit far activating the high voltage
generator in response to the comparing signal.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the preferred embodimeat of
the present invention preseated below, reference is made to
the accompanying drawings, in which:

FIG. 1 is a diagram illustrating a program voltage gea-
erator according to a preferred embodiment of the preseat
invention;
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FIG. 2 is a diagram illustrating a trimming signal gen-
erator according to the preferred embodiment of the present
invention;

FIG. 3A is a diagram illustrating a binary counter accord-
ing to the preferred embodiment of the present invention;

FIG. 3B is a diagram illustrating each stage in the binary
counter of FIG. 3A;

FIG. 4 is illustrates a clock signal generator for generating
a clock signal for driving the binary counter of FIG. 3A;

FIG. 5 is a diagram illustrating a control signal generator
according to the preferred embodiment of the present inaven-
tion;

FIG. 6 is a diagram illustrating a loop counter according
to the preferred embodiment of the present invention;

FIG. 7 is a timing diagram showing the operations of each
part of the circuits related to the program voltage gencratar
according to the preferred embodiment of the present inven-
tion;

FIG. 8 is a diagram showing the relation between the
program loop and the program voltage according to the
preferred embodimeat of the present invention;

FIG. 9 is an equivalent circuit diagram showing a part of
the memory cell aray with conventional NAND structured
memory cells;

FIG. 10 is a schematic circuit diagram showing a pass
voltage generator accarding to the preferred embodiment of
the present inveation;

FIG. 11 is a timing diagram showing the operation of cach
part of the circuits related to the pass voltage generatar
according to the preferred embodiment of the preseat inven-
tion; and

FIG. 12 is a diagram showing the relation betweea the
program loop and the program voltage and pass voltage
aceo:dingto&e;xefa:redanbodimntofthcpruentinven—
tion.

DETAILED DESCRIFTION OF THE
PREFERRED EMBODIMENT

N-channel transistors of depletion mode (hereinafter
seferred to as “D type transistors™) having a threshold
vohagcof—l.SV.N-channdMOStnnsiMofw
mcntmodc(haduﬁa'refmedtou“ﬂtypehndm')
having:hcunuhddvomgeotOJV,mdP-channdMOS
msistm(haeinzﬁcrefmedmu?typennﬁm')
hzvingthcmmholdvolngcof—o.QVmanployedinthe
present inveation.

FIG. 1 illnstrates & program voitage generator 209. In the
figure, & high voltage geacrator 10 functioos to generate 2
program voltage Vpgm ia response to a charge pumping
signald;ppmdiﬁmlﬂnenmysigmlqpppompuncdﬁom
a high voltage genuu'onecmroldrmitzo.'l‘hehigh
voltage generator 10 is a well-known circuit for generating
the program voltage Vpgm higher than the power supply
voltage Vcc by utilizing a charge pumping method The high
voltage generator 10 comprises an N type transistor 17 fax
providing an igitial voltage Vec-Vth to a node 1, N type
transistars 11 to 16 having their own channels serially
connected between the node 1 and an output node 2, and
MOScapadeOSmspccﬁvdyconneaedtothegmd
dxeNtypeuansistorslltolG.’l‘hcgaaoftheNtype
transistors 11 to 16 are respectively connected to their
drains, and the drain-source common nodes of odd MOS
capacitm:’o.s.and7mdmcdnin-sourcecommonnodesof
cvenMOSapacitcru,G.mdSmconnedcdtothedmxe
pumping signal épp and its complementary signal $pp,
respectively.
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The channels of the D type transistors 18 and 19 are
serially connected between the output node 2 of the high
voltage generator 10 and the power supply voltage Vec, and
the gates thereof are respectively connected to a program
control signal PGM and the power supply voltage Vec. At the
completion of the program operation, the D type transistors
18 and 19 function to discharge the program voltage Vpgm
to the power supply voltage Vec.

A trimming circuit 30 for sequentially increasing the
program voltage Vpgm during the program operation is
connected to the output node 2. Between the ground voltage
Vss and the output node 2 is connected the trimming circuit
30 in which the channel of an N type transistor 31 and the
resistors R, to Ry, R, and R, are scrially connected one
another and the gate of the N type transistor 31 is connected
to the program control signal PGM through an inverter 32. A
connection zode 37 between the resistors R, and R,q is
connected to a connection node 38 between the resistor R,
and the drain of the N type transistor 31 through the chanoel
of an N type transistor 33. The connection nodes between the
resistors Ro to R, are respectively connected to the con-
nection node 38 through the channels of the transistors 34
and 35. The gates of the transistors 33 to 35 are respectively
connected to the trimming signals TRMp, to TRMp o The
transistors 33 to 35 are bypass means for bypassing the
resistors R, to Ry, sequentially.

A ing circuit 40 functions to compare the reference
voltage Vpref with the voltage V. of the connection node
36 between the resistors R and R In the comparing circuit
40, the channel of a traasistor 41 is connected betweea the
groundvolu.geVssandacommonnode“,andmc gate
thereof is coanected to the program control signal PGM
through an inverter 47. A first branch in which the channels
of the P type transistor 44 and N type transistor 42 arc
saiallyconmdlndnmondhudlinwhidnhcchm-
nels of the P type transistor 45 and N type transistor 43 arc
serially connected are connected in parallel between the
power supply voltage Ve and the common node 46. The
gates of the P type transistors 44 and 45 are commonly
connected each other and are also coanected to a connection
node 48 between the P type transistor 45 and the N type
transistor 43. The refereace voltage Vpref, ie., sboat 1.67V
happﬂedmd:egnﬁeofﬁcNtypemﬁm&Thegneof
meNtypennsimnhconneaedtomecommnode“.
The conpection node 49 betweea the Ptype transistor 44 and
meNtypetnnsiQOumoutpmmninalofmc
co! circuit 40. The circuit 40 outputs the
logic “low” state if the voltage Vyo>the reference voitage
Vpref, and outputs the logic “high” state if Vyg<Vpref.

The high voltage generation control circuit 20 is con-
nected between the comparing circuit 40 and the high
voitage generator 10 and functions to control the program
v chgmtomaimainapredaanﬁnedeonstmtvohz.ge
fevel The high voltage generation control circuit 20 com-
prisaaNANDgathZlnvingoncinpmwnmctedtomc
connection node 49 and the other connected to the program
control signal PGM through an inverter 21. The first inputs of
the NAND gates 24 and 25 receive the output of the NAND
gate 22 throagh an inverter 23, and the sccond inputs thereof
respecﬁvdyrwdvethcdockptﬂsaﬁ) and $p from a ring
oscillator (not shown). At this time, the clock palscs $p and
$phavetheﬁequencyofabout8hmz.1'heNAND gates 24
mdﬁmwmmmﬁsm&pmdm
through investers 26 and 27.

If V,>Vpref, the high voltage generation control circuit
20 is inactivated, and if V,,<Vpref, it becomes activated.
Thus, if the program voitage Vpgm increases, the voltage
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V¢ also increases. Therefore, the high voltage generation
ocontrol circuit 20 is inactivated and thus the high voltage
generatar 10 reduces the program voltage Vpgm. On the
other hand, if the program voitage Vpgm is too low, the high
voltage generator 1¢ increases the program voltage Vpgm.
Hence, the program voltage Vpgm maintains a constant
voltage level by the control of the high voltage generation
control circuit 20.

At the turn off state of the transistors 33 to 35, the initial
program voltage Vpgmin on the output mode 2 can be
represented as follows:

R ) ()]
+Rig+ 8ot Ra ’

At the turn on state of the transistor 35, the program
voltage V.., on the output node 2 can be represented as
follows:

vPW:VP#( L+ Ri+R+..

@

Rm
V""=VP'4(1+R;+...+RW+R.+R. )

At the turn on state of the tramsistor 34, the program
voltage V., on the output node 2 can be represented as
follows:

)]

Ra
VM:VP#(I+R;+...+R;¢+R.+R. )

As can be seen from the above cquations, when the
transistars 35 to 33 are sequentially tuned on, the program
voltage on the output node 2 are scquentially increased.
Accordingly, by sequentially performing the program and
program verification operations with increasing the program
voltage sequentially within a predetermined voltage range,
ie., from 15 V to 19.5 V, the memory cells having constant
threshold voltages regardless of various changes such as the
change of the process and the change of the circumstance
conditions can be implemented.

FIG. 2 is a trimming signal generator 380 for generating
trimming signals which sequentially increase the program
voltage Vpgm with sequentially tarning on the transistors 35
to 33 in FIG. 1. The trimming signal geacrator 300 has a
plorality of NOR gates S1 to 58 which receive the combi-
nations of the output signals [ P, to LP, of a binary counter
and their complementary signals LP, to LP,. The outpat of the
NOR gate 55 is coupled to one input of a NOR gate 56 in
a flip-flop. The output of the NOR gate 56 is applied to the
NOR gates 51 to 55 trough an inverter 58, and also to oae
input of a NOR gate 57. The other input of the NOR gate 57
in the flip-flop is compled to the program coatrol signal
PGM, and the output thereof is coanected to the trimming
signal TRM ,, and also to the other input of the NOR gate
56. During the program operation, the flip-flop composed of
the NOR gates 56 and 57 latches the trimming signal
TRM o o the logic “high” state if the NOR gate 55 is
selected, i.c., the NOR gate 55 outputs the logic “high” state.
The inverter 58 provides the output of the NOR gate 56 as
a feedback signal. Thus, the NOR gates 56 and 57 and the
inverter 58 are latch means for latching the timming signais
TRM,, to TRM,,,, to the logic “low™ state. Therefare, if the
selected memary cell is not successfully programmed evea
after the completion of the tenth program verification
operation, the program operations thereafter maintain the
increased maximum program voltage Vpgmmax level, ie.,
19.5 V according to the preferred embodiment of the present
invention. As the maximum program voitage Vpgmmax is
selected as the value capable of preventing the junction
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45

$5

6

break down and the break down of the gate oxide layer of the
memory cell, it should be noted that the present inveation is
not limited to the maximum program voltage level of 19.5
V. In addition, the present invention employs 10 trimming
signals, however, it is not limited thereto, either. However,
it is desired that the program voltage Av to be increased
every program operation should be below 1 V, preferably
below 0.5 V.

FIG. 3A shows the binary counter and FIG. 3B a sche-
matic circuit diagram of each stage in the binary counter of
FIG. 3A.

Referring to FIG. 3B, the channels of N type transistors 65
to 68 are serially connected between an output terminal oi+1
and its complementary output terminal Oi+1, the gates of the
transistars 66 and 67 are commonly connected to a compie-
mentary clock input terminal Oi, and the gates of the
transistors 65 and 68 to the clock input terminal oi An
inverter 64 is coanected between the output terminal oi+1
and its complementary output terminal 0i+1, 2 second input
of a NAND gate 61 is coupled to.a connection node between
the transistors 65 and 66, and the output thereof to a
connection node between the transistors 66 and 67 through
an inverter 63. A second input of the NAND gate 62 is
coupled to a connection node between the transistors 67 and
68, and the output thereof to the complementary output
terminal Oi+1. Thus, if the reset signal of logic “low” state
is applied to a reset terminal R, the output terminal 0i+3
becomes the logic “low” state and its complementary output
terminal Oi+1 becomes the logic “high™ state. In addition,
cvery time the input of the input terminal 0i goes from the
logic “high™ state to the logic “low™ state, the output state of
the output terminal ox+1 is changed.

The binary counter 408 of FIG. 3A is composed of 7
stages scrially connected one another. The reset terminal
R is coupled to the reset signal RST, and the clock input
terminal 0i and its complementary dock input terminal Of at
the first stage are respectively connected to the clock signal
CK and its complementary clock signal CX. The 7 stages 71
to 77 output complementary counting signals L, to Lp,, and
the 4 stages 71 to 74 oatput the counting signals LP, to LP,.
Every time the clock signal CK goes to the logic “low™ state,
the counting signals LP, to LP, arc counted up and the
complementary counting signals iP, to 1P, are counted
down.

FIG. 4 is a circuit diagram showing a clock signal
generator for generating the clock signal to be provided to
the binary counter 400 of FIG. 3A. In the figure, a program
and verification signal PGMs is generated from a timer (not
shown) in response to the program control signal PGM. The
clock signal generator comprises a short pulse generator 88
composed of inverters 81 to 83 and a NAND gate 84,
inverters 85 to 88, and NOR gates 89 and 99. The NOR gates
89 and 90 arc comprised in a flip-flop. The short pulse
generatar 80 generates the short pulse of logic “low” state
when the program and verification signal PGMs goes to the
logic “high” state.

FIG. § is a schematic circuit diagram of a control signal
generator for generating the reset signal RST and the program
control signal PG The control signal geaerator of FIG. 5
generates the reset signal RST through a short pulse geacrator
91 and inverters 92 and 93 in response to an auto-program
flag signal Sapgm outputted from a command register (not
shown). The auto-program flag signal Sapgm is applied to a
first input of 2 NOR gate 95 through an inverter 4, a2
program detection signal PDS to a second input thereof and
a loop counting signal PCout to a third input thereof. The
NOR gatc 95 outputs the program control signal PGM
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through an inverter 96. The program detection signal PDS is
generated according to the program verification operation. If
all the sclected memory cells have beea successfully
programmed, the program detection signal PDS becomes the
logic “high” state. On the contrary, if at least one of the
selected memory cells has not been successfully
programmed, the program detection signal PDS becomes the
logic “low™ state. Such a program verification technique is
disclosed in the aforementioned Korean Patent Publication
No. 94-183870.

FIG. 6 shows a loop counting circuit 509 for generating
the loop counting signal PCout. The loop counting circuit
500 is a logic circuit composed of NAND gates 101 to 10
and a NOR gate 111. The complementary counting signals
iP, to LP, are applied from the binary counter 400 to the
NAND gates 101 to 107, respectively. The terminals NO to
N6 are connected to the ground voltage Vss or to the power
supply voltage Vec according to the loop counting fre-
quency. As the loop counting frequency is set to 20 accord-
ing to the preferred embodiment of the present invention, the
terminals N2 and N5 are connected to the power supply
voltage Vce, and the remaining terminals NO, N1, N3, N4,
and N6 are connected to the ground voltage Vss.

The auto-program circuit according to the preferred
embodiment will be described with refercace to the timing
diagram of FIG. 7.

As shown in FIG. 7, the auto-program operation starts in
response to the transition of the auto-program flag signal
Sapgm from the logic “low™ state to the logic “high” state.
As the program detection signal PDS and the loop counting
signal PCout are in the logic “low” state at the beginning of
the auto-program operation, the control signal generator
gcnmthcprognmoontmlsignlmdlogic“low”
state in response to the transition of the auto-program flag
signal Sapgm from the logic “low” state In the logic “high”
state. In addition, in response to the auto-program flag signal
Sapgm which goes to the logic “high” state, the short palse
generatar 91 generates the shart pulse of logic “Jow” state

tion.

At time t, of FIG. 7, in respousc to the transition of the
program control signal FGM from the logic “high” state to the
logic “low” state, the program voltage generatar 200 of FIG.
1 is enabled. That is, the transistor 41 is turned on, thus
activating the comparing circuit 40, and the transistor 3is
turned on, thus activating the trimming circuit 30. At the
beginming of the operation, as Vpref>Vys, the comparing
circuit 40 outputs the logic “high™ state. Hence, the inverter
nouw“smebgic“high"mmmcebythehigh

voltage generation control circuit 20 geaerates the charge

pumping signal ¢pp and its complementary signal dpp -
Thus, the high voltage generatar 10 generates the gradually
increasing high voltage by the signals ¢pp and épp. The
program voltage Vpgm increases until the voltage V4 at the
connection node 36 reaches the reference voltage Vpref.
Consequentially, the program voltage Vpgm maintains the
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initial program voltage Vpgmin shown in the above-
described equation (1). The technique for programming the
selected memory cells with the program voltage Vpgm is
disclosed in the Korean Patent Publication No. 94-18870.

At time t,, the program and verification signal PGMs goes
to the logic “high” state, and the program verification
operation for the programmed memory cells is performed
during the time between t, and t,. In respoasc to the program
and verification signal PGMs which goes to the logic “high”
state at time t,, the short pulse generator 80 of FIG. 4
generates the short pulse and the inverter 86 gencrates the
shart pulse signal $sp of logic “low” state. The clock signal
CK is generated as a similar signal to the short pulse signal
9sp. Then, the binary counter 400 of FIG. 3A makes the
counting signal LP, the logic “high” state as shown in FIG.
7. Thereby, the NOR gate 51 of FIG. 2 generates the
trimming signal TRM ,, of logic “high™ state. Thus, with the
turn on state of the transistor 3S of FIG. 1, the resistor R, is
bypassed, and the voltage V,4 at the connection node 36
becomes smaller than the reference voltage Vpref. As a2
result, the high voltage generation coatrol circuit 20 is
activated and the high voltage generator 10 generates the
increased program voltage V., as shown in the above
equation (2)-

If the selected memory cells are not successfuily pro-
grammed during the program verification operation between
the time t, and t,, ie., the duration of 10 psec, reprogram
operation is automatically performed with the increased
program voltage V., during the time between ty and t,.

At time t,, if the program and verification signal PGMs
goes to the Jogic “high” state, the short pulse generatar 80
of FIG. 4 geaerates the short pulse of logic “low” state, and
the inverter 86 outputs the shart pulse §sp of logic “Tow™
state as shown in FIG. 7. The dlock signal CK becomes the
short palse of logic “low™ state, and the counting signals LP,
and LP, of the binary counter 400 became the logic “low”
and logic “high” states, respectively. Thus, the NOR gate 52
of FIG. 2 generates the trimming signal TRM, which goes
tomclogic"high"mmresponsewthcuimmingsipal
TRMp, of logic “high” state, the resistors R, and R, of FIG.
lmbypused.mdmcvolugev,,n(heconnedonnode
36 becomes smaller than the reference voitage Vpref.
Hence,mehighvomgegennaﬁonconn'ddmﬂtak
activated, and thereby the high voitage gencrator 10 geaer-
mmcptog:mvdngevmud:owninmeabove
equation ().

If the selected memory cells are not successfully pro-
grammed regardless of the reprogram operation, the pro-
gram operation is performed again during the time between
t; and t¢. In the same way, with the sequential increase of the
program voltage, the program and program verification
opnﬁonstemmﬁcanypafcrmedunﬁldlﬂw selected
memory cells are successfully programmed.

ThcﬁmingdiagmmofFIG.7showsdleasemnthe
selected memory cells are successfully pr at the
ﬁﬁhprommopenﬁon.Aﬁu’tlncanpleﬁonoftheﬁﬁh
prognmopcnﬁon.thepmgnmdeteaion signal PDS indi-
cating that the selected memoary cells have been saccessfully
l:rognmmodgoestomelogic“high”mnmepmgm
verification operation between the time t,o and ty;. Thereby,
theconlrolsiga_l_gemtorofﬁG.Smammepmgrm
control signal PGM logic “high™ state, and the circuits related
to the program like a ring counter (not shown) are inacti-
vated. After about 2.5 psecnfterﬂ:ep'ogrmconuol:igml
PGa goes to the logic “high” state, the auto-program flag
signal Sapgm becomes the logic “low” state. It is possible to
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detect how many program loops are occurred during the 2.5
psec with the complementary counting signals LP, to LP,
outputted from the binary counter 484,

FIG. 8 is a diagram showing the relation between the
program loop and the program voltage accarding to the
preferred embodiment of the preseat invention. Referring to
FIG. 8, the program operations for the selected memory cells
can be performed as much as 20 times. The program voltage
Vpgm sequentially increases from 15V 10 195V by 0.5V
until the tenth program operation. During the cleventh to
twentieth program operations, the program voltage Vpgm
maintsins the maximum constant voltage level Vpgmmax of
19.5 V by the latch operation of the flip-flop composed of the
NOR gates 56 and 57. If the selected memory cells are not
successfully programmed after the twentieth program
operation, the loop counting circuit 580 of FIG. 6 generates
the loop counting signal PCout which goes to the logic
“high™ state, and thereby the control signal generator of FIG.
5 generates the program control signal PGM which goes to
the logic “high™ state, thus stopping the generation of the
program voltage Vpgm.

As described above, the auto-program voltage generatar
generates the program voltage which increases sequentially
within a predetermined voltage range depending on the
program loop accarding to the preseat invention. The pro-
gram voltage is supplied to the selected word line. However,
the variance of the threshold voltage and the stress of the
memory cells which should not be among the
memory cells connected to the selected ward line should be
prevented.

In the program operation of the conventional technique,
the pass voltage Vpass, i.c., a constant valtage of 10 V is
applied to the unselected word lines. For example, assuming
that the word line WL2 is selected, the maximnm program
voltage Vpgmmax increased accarding to the program loop,
ie., 19.5 V is applied to the selected word line WL2, the
memory cell M2 within the NAND cell unit NU2 should be
programmed as data “0”, and the memory cell M2 within the
NAND cell unit NU1 should be kept as the erase state, Le.,
data “1”, the power supply voltage Ve of 5 V is applied to
the first selection line SL1, the constant pass voltage Vpass
of 10 V to the unselected ward lines WL1 and WL3 to WLS,
and the ground voltage Vs to the second selection line SL2
during the program operation. At the same time, the ground
voltage Vss is applied to the bit line BL2 related to the
mmyxnmwﬁdzkwbcpogmmmdumemv
wimintheNANDcdlmitNlB,mdmepowu‘supply
voltage Ve of § V is applied to the bit line BL1 refated to
the memory cell M2 wikich shoald be in the erase state, Le.,
the data “1" within the NAND cell unit NUL Then, the first
selection transistor 120 within the NAND cell unit NU2 is
turned on and thereby the memory cell M2 within the
NAND cell unit NU2 is as the data “0".
However. as the power supply voltage Vec of 5 Vis applied
to the bit Line BL1 connected to the NAND cell unit NU1
andtotbcgateofﬂxcﬁrstsclecdontrmsistorl”wiﬂ:inmc
NAND ceil unit NU1 and the pass voltage Vpass of 10V is
applied to the control gate of the memory cell M1 within the
NAND cell unit NU1, the source of the first selection
transistor 120 is charged with the pass voltage Vpass, and
thereby the first selection transistor 120 is turned off. Thus,
the source and drain of the memory cell M2 within the
NAND cell unit NU1 arc charged with the pass voltage
Vpass (=10 V), and the increased program voltage of 19.5V
is abruptly applied to the control gate of the memory cell
M2. Therefore, the memory cell M2 within the NAND cell
unit NUT receives the voltage stress of 9.5 V and thereby the
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thin tunnel oxide layer due to the variance of the manufac-
turing process of the intermediate insulating layer is broken
down. Meanwhile, the threshold voltage of the memory cell
M2 within the NAND cell unit NU2 is varied. Therefare, the
application of the constant pass voltage Vpass to the unse-
lected word lines deteriorates the reliability of the
EEPROM. To solve such a problem, the prefemred embodi-
ment of the present invention will be described with refer-
ence to FIGS. 10 to 12.

FIG. 10 shows a pass voltage generator for generating the
pass voltage to be applied to the unselected word lines.
Referring to the figure, the pass voltage generator 600 has
the same structure as the program voltage generator 200 of
FIG. 1 except that the values of the resistars R’ to Ry, Ry
and R, in the pass voltage generator 609 are different from
those of the resistors R, to Ry, R, and R, in the program
voltage generator 200, and that the pass voltage Vpass
instead of the program voltage Vpgm is outputted from the
output node 2. The control signal generators shown in FIGS.
2 to 6 arc also employed to coptrol the pass voltage
generator 604, The pass voltage generator 604 generates the
pass voltage Vpass which increases sequentially from the
initial pass voltage Vpassin of 8 V to the maximum pass
voltage Vpassmax of 12.5 V according to the program loop.
The generation of the increasing pass voitage Vpass can be
implemented by using the proper values of the resistors R,’
to Ry, R, and R The operations of the pass voltage
generatar 600 are identical to those of the program voltage
generator 200 except the value of the pass voltage Vpass,
and such will not be described. The control signal generators
shown in FIGS. 2 to 6 arc employed in the pass voltage
generator 600 of FIG. 10, and such will not be described,
cither.

FIG. 11 is a timing disgram for describing the operations
of the pass valtage generator of FIG. 10. FIG. 11 is ideatical
to FIG. 7 except that the pass voltage Vpass is generated
instead of the program voltage Vpgm.

FIG. 12 is a diagram showing the relation between the
program voltage Vpgm and the pass voltage Vpass accord-
ingmthcp'ognmloop.Asunbewenin!hcﬁgure,me
voltage differcnce between the program voltage Vpgm and
the pass voltage Vpass maintains 5 V until the teath program

Such a voltage differeace can be set propedy
according to the structare or properties of the memary ceils
to prevent the insulation break down or the varlance of the
threshold voltage of the memary cells which should not be

As described above, since the auto-program voltage gea-
eratar and the pass voltage geaerator according to the
prescat invention generate the program voltage and pass
voltage which increase sequentiaily within a
vohgennge,mem!izbﬂityoftbedﬁpmbcenhanccd
without the break down of the insulating lsyer or the
variance of the threshold voltage of the memory cells which
should not be programmed. In addition, it is possible to
achieve a uniform threshold voltages, and to enhance the
performance of the chip regardless of the change in process
and the circumstance condition.

What is claimed is:

1. An auto-program voltage geaerator in a nonvolatile
semiconductor memory having a plurality of floating gate
type memory cells, program means for programming
selected memory cells, and program verification meaas for
verifying whether or not said selected memory cells are
successfully programmed, said auto-program voltage gea-
erator comprising:

a high voltage generator for generating a program voltage;
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a trimming circuit for causing said program voltage to
increase sequeatially within 2 predetermined voltage
range every time one of said selected memary cells is
not successfully programmed, said trimming circuit
sequentially outputting a detected voltage level signal
corresponding to said sequentially increasing program
voltage;

a comparing circuit for comparing said detected voltage
level signal with a reference voltage and then generat-
ing a comparing signal when said detected voltage level
signal is less than said reference voltage; and

2 high voltage generation control circuit for activating
said high voltage generator in respoase to said com-
paring signal.

2. The auto-program voltage generator according to claim

1, wherein said trimming circuit comprises a plurality of
resistars serially connected between a program voltage
generation terminal of said high voltage generator and a
second reference voltage, and a plurality of transistors for
respectively bypassing each of said plurality of resistors in
arder to increase sequentially said program voltage.

3. The auto-program voltage generator according to claim
1, wherein said trimming circuit comprises a plurality of
bypass means to increase sequentially said program voltage.

4. The auto-program voltage generator accarding to claim
3, further comprising a trimming signal generator connected
to said plurality of bypass means, for generating trimming
signals that are respectively supplied to each of said bypass
means and allow far increasing sequentially said program
voltage.

5. The auto-program voltage generator accarding to claim
4, wherein said timming signal generator compeises latch
means for generating & constant voltage for each of said
trimming signals after said program voltage has been
sequentially increased.

6. The anto-program voltage generator according to claim
4, further comprising a binary counter connected to said
trimming signal generatar, for sequentially activating said
plurality of bypass means.

7. The auto-program voltage geacrator accarding to claim
S, further comprising a binary counter coanected to said
trimming signal generatar, for scqueatially activating said
plurality of bypass means.

8. The auto-program voltage generator according to claim
7, further comprising a loop counting circuit for stopping the
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generation of said program voltage in response to counting
signals outputted from said binary counter.

9. An auto-program voltage generating method of a non-
volatile semiconductor memory which performs sequea-
tially program and program verification operations, said
sequential program using a program voltage that is sequen-
tially increased within a predetermined voltage range and
then maintained at a constant voltage level when program-
ming a selected memory cell that is not successfully pro-

10. The method according to claim 9, wherein said
constant voltage level is set to prevent junction break down
and break down of a gate oxide layer of memary cells.

11, The method according to claim 9, wherein said
predetermined voltage range is from about 15 V to 19.5 V.

12. The auto-program voltage generator according to
claim 1, where said sequentially increasing program voltage
increases in increments that are each less than 1 volt.

13. The auto-program voltage generator according to
claim 1, wherein said sequentially increasing program volt-
age increases in increments that are each less than 0.5 voits.

14. The method according to claim 9, where said sequen-
tially increasing program voltage increases in increments
that are each less than 1 voit.

15. The method according to claim 9, wherein said
sequentially increasing program voltage increases in incre-
meats that are each less than 0.5 volts.

16. The method according to claim 11, where said sequen-
tially increasing program voltage increases in increments
that are each less than 1 voit

17. The method according to claim 11, wherein said
sequeatially increasing program voltage increases in incre-
ments that are each less than 0.5 volts.

18. The auto-program voltage generator according to
claim 1, wherein said memary cells are programmed in one
of two states and said sequentially increasing program
voltage is used to change each selected memory cell from
one of said states to another of said states.

18. The method according to claim 9, wherein said
memory cells are programmed in one of two states and said
sequentially increasing program voltage is used to change
cach selected memory cell from onc of said states to another
of said states.




